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FOREWORD 


The  Electronic  Properties  Information  Center  (EPIC)  was  established  in  June  1961, 
at  Hughes  Aircraft  Company,  Culver  City,  California.  It  is  operated  under  contract 
with  the  Air  Force  Materials  Laboratory,  Research  and  Technology  Division,  Wright - 
Patterson  Air  Force  Base,  Ohio.  The  contract  was  initiated  under  Project  No.  7331, 
Task  No.  738103,  with  Mr.  R.F.  Klinger  aching  as  Project  Engineer. 


The  EPIC  Information  Analysis  Center  is  a  center  for  the  collection,  review  and 
analysis  of  the  scientific  and  technical  literature  on  the  electrical  and  electronic 
properties  of  materials.  Its  major  function  is  to  evaluate,  compile  and  publish  the 
experimental  data  from  that  literature.  Through  the  medium  of  a  series  of  publica¬ 
tions  sucli  as  Data  Sheets,  Special  Reports,  State-of -the-Art  Reports,  Computer  Bib¬ 
liographies,  and  services  including  special  studies,  answers  to  technical  inquiries, 
research  support  is  provided  to  the  DoD  comm-  nitv.  EPIC  input  is  primarily  from  the 
open  literature.  A  large  number  of  abstract  journals,  in  addition  to  about  40  other 
journals,  and  the  unclassified  report  literature  are  completely  searched, 


This  report  consists  of  the  compiled  data  sheets  on  niobium  alloys  and  com¬ 
pounds.  A  lull  list  of  EPIC  publications  to  date  appears  at  the  end  of  the  report. 


Thu  author  wishes  to  acknowledge  the  contribution  of  Mi'.  F>.  Schafer  in  the 
pic-pulilica I ion  review  oi  the  compilation.  The  supporting  assistance  of  other 
members  ot  the  EPIC  staff,  in  particular,  Mrs.  J.  Forest,  Mian  Sharon  Bender, 

Mr.  W.b.  Hodge,  and  Mrs.  Meta  Houberger,  is  gratefully  acknowledged. 


ALSTRACT 


These  data  sheets  present  a  compilation  of  electronic  properties  for  superconduct¬ 
ing  properties  including  transition  temperature,  critical  field,  critical  current,  elec¬ 
trical  resistivity,  and  magnetic  hysteresis.  Electrical  properties  include  conductivity, 
dielectric  constant,  Hall  coefficient,  mobility,  and  thermoelectric  effects.  Emission 
data  have  been  broken  down  into  the  varied  electron  and  photon  emissions.  Work  functions, 
absorption,  magnetic  susceptibility,  specific  heat,  Debye  temperature  and  thermal  conduc¬ 
tivity  data  are  also  given.  Each  property  is  compiled  over  the  widest  possible  range  of 
parameters  including  bulk  and  film  form,  from  references  obtained  in  a  thorough  literature 
search. 

This  report  has  been  reviewed  and  is  approved  for  publication. 


Assistant  Head,  Electronic  Properties  Information  Center 


^  *  >/f  '  ( ^ 
f^John  W.  Atwood 
Vroject  Manager 
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INTRODUCTION 


Th®  dat«  given  tor  niobium  alloys  and  compounds  in  this  publication  are  presented 
according  to  the paric*,,  Mth«r  than  th*  group,  of  those  elements  added  to  niobium. 
Within  this  periodic  nature  of  the  organization  some  of  the  systems  have  been  grouped  to¬ 
gether,  such  as  niobium  borida  and  niobium  carbide.  This  has  bean  done  whore  tho  data 
on  systemo  of  neighboring  elements  are  suitable  for  comparison.  Most  of  the  data  are  on 
the  binary  systems)  however,  available  data  on  tornary  niobium  oyntemn  are  given  when 
available  and  pertinent. 


The  superconducting  properties  of  these  systems  aro  of  primary  concern  and  are  pre¬ 
sented  first,  followed  by  other  data  available.  Some  systems  nuch  an  niobium-tellurium 
do  not  show  evidence  of  being  euporconducting  at  any  temperature,  still  the  semiconduc¬ 
ting  data  are  given  for  completeness. 

Non*  of  the  data  on  niobium-tin  or  niobium-zirconium  are  included  in  thin  publica¬ 
tion.  Each  of  thono  syotems  is  being  compiled  oeparately  and  will  be  issued  later. 

Ao  the  data  on  these  varlouu  systems  are  preeentnd,  every  effort  hae  been  made  to 
provide  sample  specificntlor.o  whoro  they  aro  available.  One  particular  method  is  used 
for  niobium-metal  alloys)  that  is  where  the  samples  are  arc  melted  on  a  water  coolod 
copper  hearth  *nd  then  ■'•melted  several  tiroen  to  obtain  homogeneity .  ThU  has  been  re¬ 
ferred  to  «tt  the  "standard"  eamplo  preparation  in  some  of  the  captions. 

One  other  method  of  eomple  preparation  hae  b»<-  <  us*d  to  inveoilgste  the  forming  of 
riaterialw  witli  8-tungoten  ovrocture  and  with  a  high  denoity  it  statas.  The  HC1  tranr.- 
port  method  star  lad  with  sintered  NL^M  materials.  The  cold  zona  was  kept  at  800-900°C 
and  the  hot  none  at  1000-1100°C .  The  results  are  given  bolow  for  two  niobium  compounds, 

l* 

Vhe  other  data  are  praaeixted  in  the  body  of  thie  publication, 


Compound 

Crystal  type 

Lattice  constant  a  (A) 
o 

T  °K 
c 

Nb3Ag 

CUgAu 

4 .  ?07 

- 

Nb3Cu 

'll 

<4  , 7 

[Ret.  21843] 

Compiling  these  data  from  as  many  sources  aa  possible,  it  has  often  been  necessary 

to  change  some  parameters  so  that  they  are  compatible  with  others.  One  example  of  this 

is  in  the  method  of  measuring  tho  amount  of  tha  element  added  to  niobium.  The  two  most 

common  methods  are  weight  percent  and  atomic  percent,  the  conversion  factors  bet*. sen 

these  are  taken  from  ASH  Metals  Handbook,  1948. 

\ 

,  lOOx  100y 

y  3 - -  .  x  *  - ~ -  t 

X  +  £  (100-x)  y  +  ~  (100 -y) 

whore  x  is  tha  weight  percent  and  y  is  the  atomic  percent.  A  common  notation  for  atomic 

percentage  is  as  follows: 

it. 

Nb55T°45  °r  Hb.55T\4S' 
other  than  thia,  at  .%  or  wt.%  is  used. 


Tha  generalized  subscript  x  is  often  used  to  replace  tho  numerical  values:  Nbj^Ge^ 

io  Just  another  method  of  using  atomic  percent  notation  when  x  takes  on  specific  values. 
However,  when  the  notation  NjC^  is  used,  this  is  not  the  atomic  percent  notation;  whon 
w  »  .5.  i.e.  Ntx  .C  ,  tha  carbon  content  is  in  reality  33  at.t.  The  lollowlng  nomogram 


aids  in  thoso  conversions. 


Nomogram  for  conversion 
to  atomic  percent  B  in 


A, B  i 
1  x 


x  w  t  v  »  - 

i+y  y  1-x’ 


wl  ere  x  io  the  eubocript 
for  the  solute,  and  y  is 
the  atomic  percent. 


Another  notation  used  in  reporting  the  composition  of  niobium  alloys  and  compounds 


is  the  ratio  of  the  additional 
is  the  atomic  ratio,  the  value 
C/Nb  of  .5  is  50  at.%  carbon, 
atomic  ratio  is  intended ,  when 


element  to  niobium;  ati  example  of  this  is  C/Nb.  If  this 
is  easily  converted  to  atomic  percent,  an  atomic  ratio 
Occasionally  mole  ratio  C/Nb  may  be  given  when  in  reality 
this  is  done,  an  attempt  has  been  made  to  clarify. 


Tho  crystalline  nature  of  the-  niobium  systems  is  of  great  importance  in  determining 
the  properties  they  exhibit.  This  is  one  of  the  reasons  why  much  attention  has  been 
given  to  phase  diagrams  and  lattice  parameters.  The  three  main  crystalline  structures 
which  show  superconductivity  are  6-tungston,  a-manganese,  and  sigma,  below  is  a  graph 
which  shows  those  elements  which  are  favorable  for  solid  solubility  in  niobium. 


The  shaded  band  covers  the 
range  of  radii  favorable 
for  extensive  solid  sol¬ 
ubility  in  niobium 

[Ref.  21651] 


Atomic  Number 


Directly  correlated  tc  the  composition  and  crystalline  structure  of  the  niobium 
systomo  In  the  valonce  electron/atom  ratio.  The  two  following  graphs  show  the  transi¬ 
tion  tomperaturoa  as  a  function  of  this  ratio  for  various  systems  in  different  struc¬ 
tures. 
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Transition  temperature 
Tc  (°K) 


/  c  *Kb-if  \ 


NbfUo 

;  MoRi 


•  Mo-Rg 

•  Mo-lr, 

1 

( 

•  Mo-Ol  1 


*  „  »W-Ru  , 

•V'R«  *#W-lr  , 
No-Rh  «  Nb-Pl 

*  *WO» 


/  ONb-Oi  ' 

Nb-fte^)  #To-fth  O  \ 

ONb-Pd 

Nb-Ot*  _  _  O' 

°T(y*Q *roPi  \ 

r?  r 

To-0»  To4>t  To-lr  Tc-Au 

■  -  I _ i _ I - 1 - 1 - 1 - 

60  70 

,,  electrons /a  tom 

Transition  temperature  as 
a  function  of  e/a  ratio. 


Transition  .perature  as 
a  function  of  e/a  ratio. 


o  structure 


a-Mn  structure 


[Ref.  15323] 


is  - 


o  S<qmo  Phose 
e  6eV!  Tsn-ssw 
A  Mlpho  Mor.qant^e 


6  -  VjGe  I 
Vj  5"  1 
4  - 

V3St> 

2  -VjAs  - 

NDjSO 


/£•  Mo3Go 
^  MojAJ 
'//A  CfiCo 


Electrons/atom 


[Ref .  75U8] 
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In  a  1963  paper,  DeSorbo  report*  the  effects  of  composition  and  structure  or  super 
conducting  propercies.  The  following  graph  shows  d?c/dc  plotted  against  ca/dc  where  c 
is  the  concentration  and  a  is  the  lattice  parameter.  The  size  of  the  solute  atom  is 
one  of  the  factors  affecting  the  properties  of  the  system. 


O)  000 1- 


-0}  -02  -0.1 


/ 

0.1  02  CJ 


O  WrWe  — ,io  A-tt-W 

l /  / 


V 

E-*  u 

XJ  X> 


© 


(X/mole  fraction) 


The  rate  of  change  of  transition  temperature  with  composition 
as  a  function  of  change  of  lattice  parameter. 

[Ref.  10778] 
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Ssctisa  j 

NIOBIUM  ALLOYS  AND  COMPOUNDS 
NIOBIUM-HYDPOGEN 

GENERAL  : 

Niobium  hydride  shows  a  transition  temperature  near  9°K  with  low  hydrogen  content. 
This  temperature  value  decreases  as  the  hydrogen  content  is  increased  rnd  has  a  value 
cf  about  12°K  at  Nb^^h^  0> 


Two  distinct  phases  are  found  for  the  niobium-hydrogen  system,  an  a  phase  up  to  10 
at.%  hydrogen  and  B-niobium  hydride  phase  above  41  at.%  hydrogen.  The  ranges  represented 
by  these  phases  are  given  by  Brauer  and  Herman  [Ref.  20328]  and  Trzebiatowski  and 
Stalinski  [Ref.  20575]. 


Some  disagreement  exists  over  the  nature  of  the  B  phase.  Brauer  and  Herman  [Ref, 
20328]  cite  the  lattice  constants  for  an  orthorhombic  structure,  but  also  interpret  this 


phase  as  distended  cubic,  Samsonov  and  Anmonova  [Ref.  20333]  substantiate  this  latter 
symmetry  in  the  44  to  51  at.%  hydrogen  region. 


Solucility  isobar  for  hydrogen  at 
1  atmosphere,  in  niobium  (98.5  wt.% 
pure)  [Hansen  Fig.  434;  taken  from: 
Sieverts,  A.  and  H.  Moritz.  Z  FUER 
ANORG.  UND  ALLGEH.  CHEM.,  v.  247, 
1941,  p.  124.] 
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NIOBIUM-HYDROGEN 


GENERAL 


Mol*  ratio  H/Nb 


0  0.10 

0  0.11 


0  10.0 


0,57  0.86+ 


41.0  48.5*’ 

36.4  46.0+ 


Phase  diagram  for  niobium-hydrogen  system. 
48.5  at.%  H  is  the  maximum  hydrogen  con¬ 
tent  used  by  Drauer  and  Herman. 

*  Brauer  and  Herman  [Ref.  20328] 

t  Trzebiatowsii  and  Stalinski  [Ref.  20575] 


Pseudo  cubic  (orthorhombic)  drawing 
of  8-niobium  hydride  structure,  NbH  8g 

a  =  6  =  00°, 

Y  =  89.4° 

c.  =  3,45 


[Ref.  20328] 
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«  3. 39 


42  44  46  48  50 

A*,  xn  percent  Hydrogen 


Lattice  constant  for  the  cubic  B-HbH 
as  a  function  of  hydrogen  contont. 

[Ref.  20333] 
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This  lattice  constant  taken  from  J.  APPL,  PHYS.,  v.  22,  p.  424  (1951) 
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kiobium-hydrogt.j: 

TRANSITION  TEMPERATURE 


5  0  €0  70  8  0  9  0 

Temperature,  T  (eK) 


Transition  curves  of  four  niobium-hydrogen  systems. 

1)  0  at.%  H  3)  9.89  at.%  H 

2)  5.06  at.%  H  4)  32.76  at.%  H  [Ref.  9299J 


Hydrogen  pressure  (Terr,) 


15  20  30  54  100  125  150  200 


Transition  curves  for  niobium  hydride,  1=4  milliAmp,  H  =  0. 


-  -  rising,  superconducting-^normal 
-  falling, normal-superconducting 


[Ref.  20330] 
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NioaiUM-HvrmocEN 
MAGNETIC  HYSTERESIS 


Magnetization  for  niobium-hydride.  Data  taken  at  4,2°K.  Sample 
preparation:  niobium  heated  in  10-80  mm  Hg  at  800°C. 

-  H/Nb  <0,30 

- -  H/Nb  =  0.28 

- H/Nb  =0.45  [Ref.  21040] 


1  1  1  "1  II 


Magnetization  for  niobium  hydride  sample  prepared  by  cathodic  polarization. 


0,1b  Amp/cm,  25  hours: single  crystal 
0,18  Amp/cm,  25  hours:  polycrystalline 


[Ref.  21040] 
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NIOBIUM 'HYDROGEN 
MAGNETIC  SUSCEPTIBIEm 
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Atoreic  susceptibility  of  nlobium-hydriae  as  a  function  of  hydrogen 
content.  Samples  wars  arc-melted  undar  reduced  argon  pressure. 

’  o  eoo°c 

...  a  7oo 

'  A  600 

+  550 

'  [Ref.  19871] 


NIOBIUM  HYDROGEN 
SI  ECTPAm  emission 


Integral  intensity  of  Lg2  bands  for  a  niobium  hydrogen  compound,  taking  Lg2  line 
for  Nd  as  unity. 


Compourd 


Intensity 


NbH^ 


1.06 


[Ref.  16347] 
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NIOBIUM  ALLOYS  AMI)  COMf'OUNDS 


NIOblUM-DEP.YLLIUM 


Eloctrical  Ueelatlvity  and  Thermjl  Conductivity 


Compound 


NbD«j_2 


Nb2Do^y 


Elttctricol  Reaintivity 
(ufl-cm) 

~TF - 5W» - IW 

PS. 5  106.6  200.0 


Thermal  Conductivity,  A 
(W/cm6K) 

IOT’C 


-m*z 

0.301 

3.261 


0.326 

0,343 


Heltin*  Point 
T.  (°C) 

.  1090 

1706 
17(5 

[Pef,  10169] 


NICBIUH-ZIUCONIUM-BERYLLIUM 


Nb^Z^Bog 


Trane it  ion  Temperature 


Tc  »  5,2°K 


[Pef.,  10709] 
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NIOBIUM  r.LOYU  AND  COMPOUNDS 

NIOBIUM  -BollON  AND  NIOBIUM-CARBON  SYSTEMS 

gnnnkai 

Nb-D  Niobium  combines  wltn  boron  and  forms  throe  dlutlnct  compound#,  NbB,  Nb^iy 
and  MI>D?f  Only  the  monobnridc  nhuwn  a  .avorablo  transition  temperature  In  th#  l-U^K 
range. 


E  QJS(gYn^©[^0(S 
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Anderaeon  And  Kiesnllng  [  Me  I  ,  109.'?]  have  identified  two  phaaoa  at  about 
10  at.%  boron  which  they  call  fl  and  A’,  Tim  firm  of  theoe  boomc  to  ho  stable  at  ru''m 
temperature  while  tin  latter  lo  otablo  only  at  higher  tempera lurott .  Hieae  authors 
claim  a  primitive  ubic  lattice  for  tin  n1  phaio  with  n„  •  4.V10  ft.  Another  pliaoo,  A" 

1b  Identified  hy  Andvruton  and  Kioouling  between  ?0  and  3S  at.%  boron.  Brower,  «t  al 
[Hot.  197&7J  iuggaet  that  thin  ft"  might  be  a  NbHm  phase  containing  ?S  at.%  boron.  NbBm 
w at)  noted  along  with  Nb  arid  Nbb  alter  heating  a  VS  ot.Y  boron  sample  for  0  minutes  at 
10'j0°C,  but  waa  not  found  in  two  otln  r  aamplee  with  VO  and  33  at.\  boron  heated  for  47 

ffll/illtsn  at  ltJHO°r  and  10  rnlinitaa  at  1 H  9 0°  r  **enn«*cl  iv*?Iy  .  Tn  further*  aMnan Imant b  a m 

the  boron  approached  the  MO  Jl.t  level  a  NBB,,  phene  won  Identified  by  Brewer,  ot  al, 
in  namplco  propared  at  ]S30°C  for  VI  minutes  and  lf)10u0  for  9  mlnutea.  The  bor'on  com- 
ponent  in  and  n  le  not  identifiable  In  nithor  of  Iheee  phaons  and  1)9  lattice  conntants 
are  given  for  either  of  tliem  on  for  Mbjl'y 

The  monoLori'Ja  in  the  iilobi'w? -boron  *yst«m  aIiww#  an  orthorlictabjo  Kt Putt nr* 

and  in  isotypic  with  Cih  and  'loll.  This  sumo  orthorhombic  atruciurti  <varritn>  or>  thPJlif;1: 

I  v 

to  the  Nbahii  compound  which  In  Uotypic  with  Taijlie.  Aa  tbv  boron  content  ImramiSM , 

» 

the  uyetoin  rcochua  t  hr  Nblw  compound  with  a  hox-tf.oual  ft* vuc lure  y!  Ihe  A.ll'y  (C  OV)  type. 

I’t ,  ' 
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MOBIUM-CAKDON  * 

GENURAL 

Nb-C  Toth  tha  "mono"  and  "sub"  carbides  of  niobium  have  transition  temperatures 
in  the  e-J0°K  range ,  and  show  strong  dependence  on  tho  carbon  content.  Haar  the  33  at.% 
carbon  region  (NbC0<&)  an  increaoo  in  the  carbon  percentage  by  0.G0  at.%  aanda  tho 
transition  tamporatura  to  lous  than  2°K,  Likewiso  nun r  th«  bO  at.%  region  a  docroaoo 
in  the  carbon  percentage  to  about  4b  at.%  (NbCo.gg.,)  dropa  tho  transition  teniperaturo 
to  loos  than  ')°K.  Thin  dopandunca  upon  carbon  content  Id  noted  oven  though  those  two 
compoundu  exhibit  different  crystalline  struevurao. 

Hrauer,  at  al*  claim  HbyC  to  hn  hrmognnnoua  betwoan  2b, 9-33, 3  at  .%  carbon 
and  NbC  to  bn  homogeneoun  between  41,9-bO.O  at.%  carbon.  The  transition  teinperaturos , 
however,  do  not  reflect  the  homogeneity  of  tbono  phanee. 


m  (Lll(ST[^©[ftDO(g 
p  (°)(glP>(g(5|TB(S© 

C  OKftOYI 


*  Drauer,  G, ,  II.  Kenner,  and  J.  Horne t.  Carbides  ot  HloliuM,  Z,  I'UbK  AMONG.  VIU)  ALLGEH. 
CULM,,  v.  277,  19b1) ,  p.  2‘)9-2b7. 
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NIOBIUH-BCRON 

GENERAL 


-i!C  •■KOffSIlt:  INrOSMATISN  CJKT5S  :  K'.'CKJ! 


MSCSAFT  CC 


Weight  percent  boron 
o  a  4  «  a  to  is  20  so  »o  ioo 


A)  L+NbB2 

B)  I,+Nb3B4 
C>  L+Nb2 
D>  (B)+L 

E)  (B) 

F)  NuB2+Nb3B4 

G)  NbB+NbjBi* 

H)  NbB+Nb3B2 

I)  (NB) 

J)  (NB)+L 

K)  L+NbE 


Atomic  percent  boron 

Phase  diagram  for  niobium-boron  system.  [Ref.  19929]* 

*  w.r.  SI1EELY.  Alloying  Behavior.  In  COLUMBIUM  AND  TANTALUM.  Ed.  by:  FRANK  T.  SISCO 
and  EDWARD  EPREMIAN,  New  York,  Wiley,  1963.  p.  HM4.  Sheely  has.  added  to  the  Kiefer 
and  Denoveky  phase  diagram. 
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NIOBIUM-CARBON 


P  [rKq)  [PUERTO  Hi! 
C  HO^CTil^ 


— 


GENERAL 


Weight  oercent  carbon 


Phase  diagram  of  niobium- 
carbon  system.  [Ref.  19p' .] 

A)  NbC+L 

B)  NbpC+NbC 

C)  Nb2C 

D)  (Nb) 

E)  o-Nb+L 


^  /  \ 
/  T  /  \ 

JSOO-*4^*  /  L  ~  \ 

_  /<5.7>  (10)  (2«)\  (ft) 


(Nt>)  ♦  Nbj  e 


Atomic  oercent  carbon 

36-ri  402  413  442  444  3L3  d4.4 
"1  i  i  I  ?  T  o| 


n.-i/a.  1  I 

*♦.468  - 


Atonic  percent  carbon 


0)  4.452 


&  4.V18 


3  4.444  - 

•  H  . 

V 

V  4.440  L  « 

*5  1 

r  s 


•  'bC 

•  •  rf  *  1  C.2C 


Lattice  parameters  for  niobium 
carbide,  arc-cast  samples: 

o  single  phase  NbC 
•  double  phase  NbC+N'b2C . 


Weight  nercent  carbon 
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NIOBIUM-CARBON 

GENERAL 


Atomic  percent  carbon 


33.3  37.5  41.!  44.4  47.3  500 


Lattice  parameters  for  powdered  niobium  carbide.  The  curve  is  a  least  squares 
fit  of  the  data  and  follows  the  equation: 

aQ  =  4.M704  -  0.0239(l-x)  -  0.3586(l-x)2 

where  x  is  the  atomic  ratio  C/Nb. 

Sample  Preparation 

pressed:  100k  -  200K  psi 
sintered:  3000°C  for  .5  hrs.,  or 
1800°C  for  38  hrs. 


o  single  phase  NbC 
•  double  phase  NbC+Nb2C 

[Ref.  20532] 
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*Hulm  and  Mathias  obtained  Tc  =  6.0°K  [9697]  and  in  a  latter  work  [7666]  removed  the  molybdenum 
impurities  and  obtained  Tc  =  8.25°K. 

**n.i.  =  not  indentified. 
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Section  2 
NIOBIUM-CARBON 


TRANSITION  TF'iFCRATURE 


Atomic  percent  carbon 
33 


Atomic  ratio  C/Nb  =  x 

Plot  of  the  data  in  the  preceding  table.  Measurements  are  not  available  at 
x  =  .4;  between  x  -  .51  and  x  *  .70  no  transition  temperature  is  reported. 
Data  in  this  graph  represents  the  following  authors: 

A  De  Sorbo,  H.  [Ref.  13366] 
o  Giorgi,  A.W.,  at  al.  [Ref.  9606] 

•  Giorgi,  A.W.,  et  al.  [Ref.  18737] 
x  Hardy,  G.F.  and  J.K.  Hulm  [Ref.  9695] 
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Seotien  <; 

NIOBIUM-BORON 


CRITICAL  FIELD 


>■  -i7s;+ -A1  • 


At.%  B 


50 (+3% 
excess  B) 
55 


HCf  kGauss 
(4.2<>K) 


Critical  Field 


Notes 


Symmetry 


Nb,  NbB 


Ns  NbBj 


Samples 


crthorhombic  Electron  beam  melted 

6-MoR  type  £  zone  refined. 

Impurities:  Ta  2000 
ppm,  others  <100  each. 


Sintered  in  argon  at 
1700-175C3C.  "mpuri- 
ties:  Ta  500  ppm  Fe 
100,  others  <50  each. 


12621 


NIOBIUM-CARBON 


MAGNETIZATION 


'B  -7 


K 


Field  strength,  H  (kOe) 

Magnetization  as  a  function  of  applied  field.  Niobium  carbide 
Banpxe  at  4.2°K.  NbN  curve  is  shown  for  comparison. 


[Ref.  21847] 
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Seotien 

NIOBIUM-BORON  AND  NIOBIUM-CARBON 


SEMICONDUCTING  PROPERTIES 


Electrical  and  Thcrrwl  Properties 


Electrical  Thermal 

Resistivity  Conductivity  Thermoelectric  emf  Hull  Coefficient  N^taa 
P{uO-cm)  K(W/cmcK)  uV/°C  R  ( lO'^cm V^oul ) 


(a)  4,3 
<a)-1.4 


12-65 

- 

26-65 

0.17 

32 

- 

34 

- 

35 

u.167 

- 

0.197-.O 

65.5* 

- 

64 

- 

51.1 

74.0 

0.14 

150.0 

_ 

204.0 

0.134 

- 

0.14 

- 

0.37 

(S)-3.7 

<S)-1,2 


25°C 

200°C 

Arc  molted 
Annealed 


(<*)-4.0 


•1.32** 


(S)-9.4 

.  tJ 

t  6  =  tSl.l  x  10-23(cra/V2aec2) 

i*  6  =  til. 4  ”  " 

6  »  R-  «  n.w2  -  r,w2 
eo2 

n  ia  the  carrier  concantrat ion  and  u  i8  the  mobility 
*  Thermal  coefficient  of  reactivity,  a  »  v0,12(%/deg) 


»xn» 

tered  powder 

e-axis ,  poly 
cryeta.lline, 
d*nee  powder 
25°C,  sin¬ 
tered  powder 
1900°,  S.P. 
Arc  melted. 
Annealed. 


.  ..  ' -'V r:V“':‘ 

''  'r  7  f  ■  •.  ,T  ' 

_  ...  .  A  !$■  :.•! 


d- '  .  <<'L*cAiit...i<ttv«4^»  jr_.r-  ‘r^r>  uB&h 


;,.oUen  ? 
N10BIUH-D0R0N 


SEMICONDUCTING  PROPERTIES 


Electrical  Reeistivity 


At.%  B 

(pfl-cm) 

PTo/PJ00 

Notes 

Crystallography 

Samples 

50 

9.72 

.0261 

orthorhombic 

P-MoB  type 

Electron  beam  melted 
t  zone  refined. 
Impurities t  Ta  2000 
ppm,  others  <100  each 

50(+3% 
excess  P) 

10.57 

,0279 

•i 

ti 

55 

8.120 

.0345 

Mb,  NbD 

Sintered  in  ergon  at 
1700-1750°C.  Impuri¬ 
ties:  Ta  500  ppm,  Pe 
100,  others  <50  each. 

59.3 

14.76 

,0366 

N,  NbB2 

It 

Ref . 

12621 


NIODlUM-CARBON 
SEMICONDUCTING  PROPERTIES 

Electrical  and  Thermal  Properties 


Formula 

Lattice  Coretent 
ac(X) 

Electrical 
Resistivity 
(nil- cm) 

Thermal 

Conductivity 

X  (10"2W/cm°SO 

NbC.7io 

4.431 

171.7 

9.0  *  0.7 

NbC.750 

m 

150.0 

9.7  t  0.7 

wbC,808 

- 

151.9 

10.2  *  1.2 

NbC.855 

- 

135.2 

10.7  *  1.2 

NbC.9oa 

4,464 

89.8 

11.2  *  0.7 

Thermoelectric  Effect 
<wV/°K) _ 

»1 .9  t  0.1 

-2.1  t  0.1 

-3.4  *  0.4 
-5.8  ‘  0.6 
"  -5.5  *  0.3 


[Ref.  21271] 
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Lectlen  i 
NIOBIUM-BCRON 

ELECTRICAL  RESISTIVITY 


Resistivity  ratio  as  a  function 
of  temperature  for  electron-beam 
limited,  zone-refined  KbB. 
Measurements  on  sintered  samples 
show  a  similar  curve. 


40  «0  ItO  IOC  WO  140  MO  ho 

Temperature,  T  (°K) 


[Ref,  1S336] 


NIOEIUM-CAFujOK 
ELECTRICAL  RESISTIVITY 


2J 

Electrical  resistivity  of 

H 

a 

MbCx<  Powders  were 

o 

*H 

pressed  and  sintered  at 

u 

4 -» 

10-*4  -10" ^mm  Hk  and  2200- 

O 

i) 

2400°C. 

■H 

u 

Atomic  percent  carbon 
37.5  44.4  50.0 


37.5 
200  r— 


[Ref.  21271] 
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r  Section  2 
NIOBIUM-CARBON 

THERMAL  CONDUCTIVITY 


37.5 
*  20 

•~i 

>  _ 

+* 

o  o 

3  g 

§3  <0 

y<N 


Atomic  percent  carbon 
44.4 


0.7  0,8  0.9 

Carbon  content  x 


Thermal  conductivity  of  NbCx  powders  which  were  pressed  and  sintered 
at  10"4  -  lO-Vn  Hg  and  2200  -  2400°C. 


NIOBIUM-BORON  AND  NIOBIUM-CARBON 
PHOTON  EMISSION  PROPERTIES 


[Ref.  21271] 


The  L  series  spectra  for  NbB2  and  NbC,  The  curves  for  NbN  and  pure 
Nb  are  given  for  comparison. 


[Ref.  16346] 
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NICBIUM-BCRON  AMD  NIOBIUM-CARBON 
PHOTON  EMISSION  PROPERTIES 


L  line  intensities  for  Nb  compounds. 


Line 

Nb 

NbN 

NbC 

NbB2 

“■  " 

- - 

L 

100 

100 

100 

100 

Cl 

L 

11 

11 

11 

11 

a2 

L61 

60.0 

60.5 

61.0 

62.0 

L03 

9.9 

9.5 

9.9 

10.2 

LR2 

5.3 

4.0 

4.0 

3.5 

W, 

2.0 

1.47 

1.48 

1.40 

NIV 

0.56 

0.39 

0.39 

0.36 

*v 

1.27 

0.91 

0.90 

0.77 

NIV+NV 

1.83 

1.30 

1.29 

1.13 

[Ref.  16346] 

Relative  values  of 

the  variation  of 

the  Lp2  and  L^j 

lines  for  equal  L.u  intensities 

p4 

Line 

Nb 

NbN 

NbC  n'pB2 

LS2 

100 

71.5 

72.9  66.5 

37 

26.3 

27  27.6 

fRef.  16346] 
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NIOBIUM -BORON  AND  NIOBIUM-CARBON 


THERMIONIC  EMISSION  PROPERTIES 


Work  Function 

Richardson's  Constant  A 

Current  Density 

Notes 

Ref. 

<HeV) 

(Amp/cm^  deg2) 

Jc  (Amp/cm2) 

NbC 


2.23 

MO’6 

- 

11031 

4.02 

- 

- 

300°K 

3.74 

- 

• 

1400° K 

3.72 

- 

- 

1800°K 

3.58 

3.6 

2000°K 

NbB2 

3.65 

_ 

16424 

NIOBTUM-CARBON 

THERMIONIC  EMISSION  PROPERTIES 


L 


Temperature,  T  (°K) 


Emission  current  density  for  niobium  carbide  •’•.lOOw  thick,  based  on  (1)  30u  strips  of 
tungsten  and  tantalum  and  (2)  tungsten  and  tungsten  carbide  wires.  The  properties  show 
little  dependence  on  the  base.  The  samples  were  treated  and  measurements  taken  alter 
heating  to  2400°K. 


Heat ing 


Work  Function 


1500  -  1800°K 
1800  -  2400°k 


reduced  from  4.4  to  3.8  ev 
raised  from  M.6  to  4.2  ev 
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[Ref.  192311 
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Transition  temperature  for 
the  system  NbN-NbC,  Samples 
were  cold  pressed  and  sintered 
2000  -  2400°C  in  nitrogen. 


LKof.  2104U] 


0  10  20  30  40  50  60  TO  00  00  IOO 


Mole  percent  NbC 
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NIOBI'JM-CASBON-NITKOGmN-M 
TRANSITION  TEMPERATURE 


Transition  metal-carbidn.  concent  x 

Transition  tw.perature  for  the  system 
(KbN)0>7i(N’bC)0i25.J.(t1C)>. 
whev-e  M  is  Ti,  Hr  or  V. 


I Ref.  21844 ] 
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NIOBl'JM-CAkEoN-KITROGE^-H 


TRANSITION  TEMPFRATURE 


Transition  temperature  for  the  system 

(NbN)r.-7^..jl(HbC)o.25(MtJ)x  wnsre  M  is 

Ti,  Ta ,  Hf,  or  V. 


o  u\ 

i  TV^-I"1' 


ft)  ’ 

l 

%  tthT 
S  }, 


0  It  0  JO  0  45  O  *0  0  75 


Transition  metal  nitride  content  x 


^Ww'<\ 

i-imw 


Transition  temperature  for  pseudo-binary  and 
ternary  nitride--carbide  compounds.  The  num- 
born  represent  the  e/a  ratio  for  the  coronound. 

ALLOY  SYSTEMS  TRANSITION  METAL 


11 1  cuivt 


0VJ3  D  V<1  Q»«’,  UV1  t-K  j? 

of  transition  metal  in  compound 


STUDIED 

NbN-NbC-TIC 

NbN-NbC-TIN 

NbN-NbC-H*C 

NbN-NbC-HfN 

NbN  -t.*N  -TIN 

NbN-ZrN 

NbH'TiC 

NbN-NbC 


e/o  RATIO 

$  4.99 

$  4.98 

\  4.95 

\  4.90 

$  4  85 


[Ref.  2100'i ] 


I 


►  » 


AIR  FOIXE  MATERIALS  LABORATORY 

EiEARCM  AND  TtCMNO.QOV  DIVISION 
'  *  FORCE  SY*tKM»  COMMAND 


■PIC 


B  [L!l(ST[^(a'fMO{g 
P  ^©Pdt^YCd© 

I  G^F©P3G^^T0@[i^ 
C  H^TdPS 


RNO'ARKD  »Y  tLtCTKONIC  RAClRiriTIt*  INFORMATION  CINTID  •  MUCH  AIRCRAFT  COMPANY.  CUi-Yi*  CITY  CALIFORNIA 


N  7  0  E I JM  -  C  ARBON  -  N I T  ROC  El! 

TRANSITION  TEMPERATURE 

Compound  Transition  Temperature 

TC(°K) 


NbC/HbNt 

NbCCt3No.7 

HbM-NbC-NbO 

T  0  ( 20°K)  =  6  x  l(Tb  f!-c 

HIOBI'JH-CARBON-HITROGEN 
CRITICAL  FIELD 


8.5  -  17.3 

17.8 

>20 


Notes 


Whiskers  2y-100y  diam, 
till]  orientation. 


Prepared  by  chemical 
vaoor  deposition. 


21B47 

211)144 

21843 


140 

<*■  ^ 

120 

to 

•H  <0 

a  ^ 

100 

:v  <0 

SO 

♦f*.  c.n 

v 

^  W 
o  * 

60 

CN 

40 

k  U 
a>  rc 

a 

^  __ 

a 

ZD 

,^n. 


0  10  20  30  ^0  50  60  70  80  90  ICO 

MbM  Moue  %  NbC  NbC 

Upper  cjitical  field  for  NbN-tlbC  system.  The  samples  were  cold  pressed 
compactSj  sintered  between  2000-2400°C  in  nitrc-^en. 


[Ref.  21840] 
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HIOB IUH-CARBON-N  XTROGEN 

X 

CRITICAL  FIELD 


Upper  critical  field  for  a  5«8u  diam. 
NbC/NbN  whisker  as  a  functior.  of 
temperature.  These  mixed  structures 
were  formed  in  the  [111]  direction 
when  carbon  and  nitrogen  were  both 
present.  [Ref.  21847] 

(dHc2/dT^Tt  =  -9  kOe/°K 


10  12  14  16  18 

Temperature,  T  (°K) 


NI0B1UM-CARB0N-NITR0GEN-M 
CRITICAL  FIELD 

For  the  following  graph  the  samples  were  cold  piacsed  compacts,  sintered  between 
2000-2400  in  nitrogen. 


The  upper  critical  field  for  the 
following  systems  (HbN)^  7^(NbC)0 
(HC)X  or  (NbN )0  7i,  (NfcCJo  25<MNV  X 
as  a  function  of  the  additional 


component , 


£  NtiN  NbC-H'N 
£  NUH-HliC-TIN 
^  NUNi.bC-VN 


^  NbN  NIC  -HIC 

SNbN  NbC-T,c 
NUN  -NUU -VC 


3  80  r-  ^ 

.s  \ 


3  „ 

*»*i  40  — 

u 

V  20  h 


0  0.05  O.I0  0.13  0.20  0.2'j  0.30  0.33  0.40  0.45 

Additional  component  (MC)X  or  (MN)y 


[Ref,  21844 j 
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NIOBIUM-CARBON -NITROGEN 

CRITICAL  FiELD 

Compound  Critical  Field 

Hcl  Hc 

(kOe ) 

_ ^c2 

Notes 

Ref . 

NbC/NbH  .1  1.7 

-cilO* 

Whiskers  2U-100U  diam, 

C 111 J  orientation. 

21847 

NbC0>2N0,8 

120 

- 

21847 

*  /£MV  9/i°±\ 

\dT  )'  ~  \°K  f 
'■c 


NIOBIUM-  CARBON -NITROGEN 


CURRENT  DENSITY 


Critical  current  density  for  NbN-NbC 
system  as  a  function  of  field 
strength  for  different  mole  percent¬ 
ages  of  NbC.  The  samples  were  cold- 
pressed  compacts,  sintered  between 
2000-2400°C  in  nitrogen  atmosphere. 

o  pulsed  field  data 


Field  strength,  H  (kGauss) 


[Ref.  218401 
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NIOBIUM-CARBON-NITROGEN 


CURRENT  DENSITY 


M  60 

£ J 

•O  CNJ  40 


n  u  Qi 
o  8 1 

•p«  J 

4-  6r 

•H  ! 

41 _ _ _ _ a. _ _ _ 

°  C  20  40  GO  60  100 

Field  strength,  H  (kOe) 

Ci'itical  current  density,  as  a  function  of  field  strength  for  NbC/NbN,  1  ill] 
orierted  whiskers.  Data  taken  at  4,2°K. 


1)  3.Su  diameter 

2)  5.8u  diameter 


[Ref.  21847] 


c 

tu 

« 

EN  10 

£  g 

£  "a.  5 

3  5  10 5 

o  < 


IT!  O 

.a  ^  io 


I  5  10  50100  5001000 

Whisker  diameter,  u 

Critical  current  density  for  NbC/NbN,  [111]  oriented  whiskers,  as  n  function 
of  sample  diameter.  Measurements  are  taken  at  4.2°K, 


[Ref.  21847] 


NTor-r-v  v. uvkogek-m 

CURRENT  DENSITY 


0  10  20  JO  40  50  00  70 


Field  strength  K  (kGauss) 

Critical  current  density  for  the  system  ( HbN ) Q  ?5  NbCc  2r(MN)x  as  a  function 
of  field  strength,  where  K  is  -Hf,  V  or  Ti.  The  nufnbers’oh  the  curves  repre¬ 
sent  the  transition  metal  nitride  content  in  x. 

"  o  NbN-NbC 
t  NbH-NbC-HfN 
Q  NbN-NbC-VN 
e  NbN-NbC-TiN 


[Ref.  21R410 
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NIOBIUM-CAR BON-NITRCSEN-M 


CURRENT  DENSITY 


Critical  current  density  for  the 
system  (NbN)0>75(NbC)0.25-x<MC)x 
where  M  is  Ti,  Hf  or  V.  The 
numbers  on  the  curves  represent 
the  transition  metal  carbide 


content  in  x. 


a  TiC 
A  HfC 
o  VC 


>N 

•H 

V)  A 

£  '0s 

■o 


[Ref,  21844] 


10  20  30  4  0  50  60  70 

field  strength  H  (kGauss) 


17,27 


"T - 


The  critical  current  density  is 
given  for  three  pseudo-ternary 
cccipounds  and  is  plotted  against 
the  width  of  the  transition  region. 
This  region  of  transition  is  an 
indication  of  the  deviation  from 
stoichiometry.  The  numbers 
indicate  the  midpoints, of  the 
regions. 

(a)  NbW-NbC-TiN 
<b)  NbN-NbC-TiC 
(c)  NbN-NbC-HfC 


C.4  06  0.8  10  12  14 


Width  of  transition  region  (°K) 


[Ref.  21844] 
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NIOBIUM  ALLOYS  AH!)  COMPOUNDS 


NIOBIUM-NITROGEN  AND  NIOBIUM-OXYGEN  SYSTEMS 


GENERAL 


Mb -N  The  transition  temperature  for  a  niobium-nitrogen  system  in  the  0 

region  is  near  lG^K,  As  the  nitrogen  content  is  reduced  to  the  Ni^N  region,  Tc  appar¬ 
ently  decreases  to  zero.  With  further  reduction  of  the  nitrogen  content,  the  transition 
temperature  begins  to  rise  and  approaches  that  of  pure  niobium. 

Two  notations  have  been  used  to  differentiate  the  various  compounds  in  the 
niobium-nitrogen  systems.  Brauer  and  Jander  (20T14)  in  their  1952  work  assicn  the  fol¬ 
lowing  notations  NbN(I),  NbN(II),  and  NbN(III)  to  the  compositions  Hhl^  f0 
and  NbN^o, 87-0.94  respectively,  Schoenberg  in  1954  uses  the  following  naming  scheme: 

a  phase  Nb+N 

S  Nbfi0.40-0.50 

Y  HbN-LC.8o-o.90 


The  exact  nature  of  the  transition  from  normal  to  superconducting  state 
is  in  doubt  in  two  composition  regions.  First  near  tne  NbN^  Q0  Schroeder  [9655]  claims 
that  Tc  drops  below  1.94°K.  Rogener  composition  data  do  not  show  this  effect,  and  two 
earlier  papers,  Ziegler  and  Young  (13390)  and  Milton  (19468),  can  not  claim  an  exact 
NbN^  qo  composition  for  their  samples.  Schroeder  cites  data  from  Brauer  stating  that 
at  lower  temperatures  of  formation,  the  NbN(I),  NbtJ(II)  and  NbN(III)  regions  are 
broadened  by  beginning  the  sample  preparation  at  lower  nitrogen  content. 

The  other  area  of  doubt  is  found  in  the  Nb2N  region.  No  experimental 
evidence  can  be  found  for  a  transition  temperature  above  1,94°K  (.9655],  However, 
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NIOBIUM -NITROGEN  AND  NIOBIUH-OXYGEN  SYSTEMS 


GENERAL 


Samsonov  and  Neshpor  [3 0725 J  predict  Tc  s  9.S°K  for  Nb2N  based  upon  a  relationship  be¬ 
tween  Tc  and  i  where  H  is  the  principle  quantum  number  and  n  is  the  number  of  electrons 
Nn 

of  the  incomplete  d-level. 


The  following  value  is  given  for  NbN,  [21847.1 


dHc?  kOe 

dTc  *  ~10  °K. 


Nb-0  Three  distinct  niobium  oxides  are  formed,  NbO  (14.69  wt.%  0)-  Nb02  (25.89 
wt.%  0)  and  Nb205  (30.09  wt.%  0).  However,  none  of  these  show  any  promise  as  super¬ 
conducting  materials.  An  attempt  to  find  the  trar.stiou  temperature  of  NbO  has  failed 
to  show  a  Tc  above  1.2°K  (9695).  Below  the  solubility  limit  of  oxygen  in  niobium,  i.e., 
from  .25  to  1.0  wt.%  oxygen,  the  solid  solution  Nb-0  shows  superconducting  characteristics. 


Samples  up  to  ,75  wt.%  Oxygen  were  prepared  by  a  kus  absorption  and  dif¬ 
fusion  technique.  In  the  region  of  1  wt.%  0  and  above  the  samples  were  prepared  by  arc ■ 
melting  Nb205  with  Nb. 
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NIOBIUM-NITROGEN 


GENERAL 


o 

w  20r .0 


£  1500 
3 


S.  looo 


Atomic  percent  nitrogen 
5  10  20  30  40  50 

rn - t - r-~— -i - r — 

_ -*400°c/ _ J__ 

*1/  'iT^^^prVjr 

j  J  I  NbsN+Nt  j  |-2400°C 

/  I  I  I  1cc  |  NbN+Nt 

f  I  I  I  NbN  * 


Nb-N+Nb  ».*.  {  I 

*  I  I  Nb2N+ 


M 


-1500 °C I  s.s.;  solid  solution. 


Nb4N-|^ 

_j i _ i— .i j — Li — 


i ...  i 


0  5  10  15 

Weight  per  cent  nitrogen 

'robable  phase  diagram  for  niobium-nitrogen  system 
at  a  pressure  of  one  atmosphere  nitrogen 


[Ref.  19928] 


Atomic  percent  nitrogen 
3J  23.1  33.3  41.1  47.3  50.0 


f'  1200 


J  fir  r |y« 


0  0.1  0.3  0.5  0  7  0  9  1.0 

Atomic  ratio  N/Nb 

Tentative  phase  diagram  for  the  niobium-nitrogen  system. 
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NICfclUM-OXYGEN 

GENERAL 

Temperature,  T  (°K) 


Solubility  of  oxygen  in  niobium,  >> 
The  x-ray  data  were  checked  by  o 
metal lographic  examination  on  £ 
two  samples:  .25  «t.%  0  and  «j 
.  55  wt .%  0. 


O  X-RAV  DATA 
□  I  PHASE  "t 

*  a  PHASEs}M,C!,0SC0Pe  g 


0.56  “ 
X 

o 

I  5.0  -P 

I  £ 


.Sill  t  1 

41  IIOO°C  I000°c  900°C  eoo°c 


Temperature,  (10^/T  °K"^) 


<x 

33i?0 

£ 

3.3110 

u 

V 

4-> 

3.3090 

<V 

3  30/0 

Ss 

o. 

<v 

3.3050 

o 

'rH 

■H 

3.3030 

3 

3  3010 

3.2990 

Atomic  percent  oxygen 

5  2,6  5.S 

— i — < — i — r-1 — r-  i  ti — rr 

jicarsL/  [1 

AoTXfK. 


/soofc 

/Sasss. 


CM  03  05  a?  09  I  3  5 

Weight  per  cent  oxygen 


Lattice  parameters  for  the  niobium- 
oxygen  system.  Up  to  .75%  oxygen 
gas  absorption  and  diffusion  methods 
were  used  to  prepare  the  samples. 
Above  this  region  Nb  and  Nb20cj  were 
arc  melted  together  to  form  the 
samples . 
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NIOBIUM-NITROGEN 

GENERAL 

Lattice  Constants 


At.%  N 

Phase 

Symmetry 

Lattice 

ao 

Constants  (X) 
co 

Notes 

Rel 

f. 

0 

0 

bcc 

3.3014  4 

.0002 

- 

20714 

15.9 

at  8 

hep 

3.056 

4.956 

- 

32.4 

c 

tetr 

3.056 

4.964 

- 

42.9 

tetr  deformed 

4.384 

4.311 

- 

44.4 

:i 

a 

4.385 

4.332 

- 

44.4 

1 

hex 

2.950 

2.772 

- 

44.5 

fee 

4.39 

4200  psi  pressed 
powder,  double 
sintered . 

18467 

45.0 

tetr  deformed 

4.387 

4.330 

- 

20714 

46 . 5 

fee 

4.336 

- 

Powder  sample  in 
pumped  N  at  1300°C 

1 

47.3 

\ 

i 

hex 

2.958 

2.779 

- 

20627 

48.4 

: 

I 

fee 

4.389 

- 

- 

20714 

48.7 

& 

hex 

2.968 

5.535 

- 

20627 

50.0 

c 

IT 

2.956 

11.275 

_ 

20714 

NIOBIUM-OXYGEN 

GENERAL 

The  lattice  constants  for  monoclinic  a-Nb2C>5  are  given: 


bQ  =  3.816  ft 


'c0  =  19.4  7  ft 
8  =  120u  2 1 


[Ref.  17444] 


1  il. 

1  v( 

;:l 

1  >c 

% 


Ie.-V-'L 


■  ‘I 


44 


"  Bf  (L[l(gT[^@^iO(g  I 

_  P  | 

■Sol  i  |  ! rXQ  R30@  [Mi!  /$£,] ’ D @ [M  I 

[c  j 


AIR  FORCE  MATERIALS  LABORATORY 

RESEARCH  AND  TECHNOLOGY  DIVIglQN 

AIR  force  system*  command 


PREPARED  »Y  ELECTRONIC  PROPERTIES  INFORMATION  CE’lTErt  .  HU?HtS  AIRCRAF  .  YMFAHY  CULVER  O  TV.  CAL  iFORNiA 


NIOBIUM-NITROGEN 

TRANSITION  TEMPERATURE  .  s 

Transition  Temperature 


A'c.%  N  Transition  Temperature  Tc  (°K) 

Midpoint  jldth 

Onset  Complete  * 


0 

8.97 

9.4 

8.5 

.23 

- 

- 

9.2 

16.0 

5.72 

7.2 

32.4 

- 

<1.94 

- 

- 

37.5 

3.8 

6.1 

<1.94 

- 

39.1 

- 

* 

- 

1C. 8 

90.1 

- 

- 

10.3 

92.1 

- 

- 

- 

11.0 

42.3 

- 

- 

- 

12.7 

42.8 

7.2 

• 

- 

43.2 

- 

- 

- 

13.6 

44.0 

- 

- 

- 

Ij.  .  8 

44.4 

7.12 

9,7 

5.2 

- 

44.6 

- 

- 

- 

12.6 

45.1 

8.66 

10.6 

6,4 

- 

45.4 

15.0 

16.2 

12.2 

- 

4&.  0 

_ 

_ 

15.98 

47.3 

- 

15.25 

’4.7 

- 

47.7 

- 

- 

- 

14.13 

48,4 

<1.94 

10.62 

- 

- 

48.6 

- 

- 

- 

15.59 

48.7 

- 

- 

- 

14.7 

4S.8 

- 

- 

- 

14.57 

4S.C 

- 

- 

- 

15.63 

49.4 

15.2 

.16.2 

-  3*  S 

- 

49.7 

— 

_ 

15.23 

450.0 

- 

- 

- 

<  1.34 

15.9*C 

- 

- 

- 

- 

15.0 

14.0 

- 

16.0 

16.7 

14,6 

- 

Wire,  electron  baarr,  melted, 
heated  in  N. 


Powder  heated  in  N  to  145Q°C. 


Powder  Mb,  16  atm  N>iu5C°C 
5  hours. 

Powder  1300°C  N  stream. 


9655t 

13366 

9655 

II 

9617** 


Ponder  N b ,  1  atm  N ,  1300°C 
3 ■ hours  . 


Ammonia  1350-1500°,  2U  min.  19468 

StatioTiary  N,  1500°C,  1  hour, 

Nb  heated  4-4.5  hours  at  1500°C  13390 

in  dry  N. 


*  Values  in  this  column  are  not  identified  bv  their  position  in  the  transition  curve. 

**  Sample  specs  are  found  on  page  46-49 
t  Sample  specs  are  found  on  page  5? 
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NIOBIUM-NITROGEN 
TRANSITION  TEMPERATURE 

Atomic  percent  N 


Atomic  ratio  N/N'd 

Temperatures  at  v;hich  the  transition  region  begins  at  i.e., 
the  onset  of  superconductivity,  for  the  h'b-N  system, 

[Ref.  9655] 

Two  conditions  during  preparation  of  niobium  nitride  will  affect  its  properties, 
first  the  nitrogen  pressure  and  second  the  time  the  sample  .is  left  in  the  nitrogen 
atmosphere.  The  two  sets  of  graphs  which  follow  show  the  effects  cf  these  two  para¬ 
meters  on  the  properties  of  the  sample. 


N7 


The  effect  of  time  in  the  nitrogen  atmosphere  on 
the  properties  of  niobiuiiriiLii'O^i!  systems. 

A)  nitrogen  content 

£)  o - -o,  electrical  resistivity 

y  *  -  -  x,  resistance  ratio 


C)  transition  temperature 


[Ref.  961’] 
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NIOBIUM-NITROGEN 
TRANSITION  TEMPERATURE 


"1 


c 

o 

•H 


Vi 

c 

<TJ 

u 

H 


00'  o.i  I  K  100 


Nitrogen  pressure  (atm) 


The  effect  of  nitrogen  pressure  during  preparation, 
on  the  properties  .  niobium-nitrogen  systems- 

A)  nitrogen  content 

B)  o - o,  electrical  resistivity 

x  -  -  -  -  x ?  resistance  ratio 

C)  transition  temperature 
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[Ref.  9617]  i  j 
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NIOBIUM-NITROGEN 


TRANSITION  TEMPERATURE 


Transition  temperature  as  f 
function  of  lattice  constant 
for  fee  niobium  nitride. 


C  15 
u 

V 

c. 

W  *  M 
+->  o 


/n 


12  ' - 

4370  4375 


[Ref.  9617] 


,/  "6<Hj 


Lattice  constant. 


Transition  curve  for  tetragonal 
Nb4N^  in  a  26  Oe  field. 

[Ref.  9595] 


Temperature,  T  (°K) 


Electrical  resistivity  as  a 
function  of  temperature  for: 

M  0.33  at.%  N.  He  quenched 

B)  0,33  at.^  N,  vacuum  quenched 

C)  1.64  at.%  N,  vacuum  quenched 

[Ref.  13366] 
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NIOBIUM-NURO^LN 
TRANSITION  TEMPERATURE 


<»F 


O 


Temperature,  T  (°K) 

Transition  curves  far  three  niobium  nitride  samples: 

(a)  47.2  at.%  N.  prepared  in  nitrogen  stream  for 
not  less  than  8  hours  at  1350°C.  Data  taken 
cn  wanning  and  cooling. 

(b)  44.0  at.%  N,  prepared  in  static  N  for  not  less  than 
0  hours  et  1200°C.  Data  taken  on  warming  only. 

(c)  27.2  at.%  N,  prepared  in  static  N  for  not  less  than 
&  hours  at  1180°C.  Data  taken  on  warming  only. 


[Ref.  9299] 
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TRANSITION  TEMPERATURE 

Transition  curves  for  niobium-nitrogen  systems. 
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i  I 


1 

i 


Temperature,  T  (°K) 


Kb  added  to  SibN  and  treated  3  hrs .  at 
1450°C  in  one  atmosphere  pressure 
argon;  hep  structure. 


Powdered  Nb  in  stationary  N  at  one 
atmosphere  pressure,  4-5  hrs.,  1300- 
1450°C;  tetragonal  structure. 


Temperature,  T  (°K) 

Nb  added  at  NbN  and  treated  3  hrs  at 
1450°C  in  one  atmosphere  pressure 
argon;  tetragonal  structure. 


Temperature,  T  (°K) 


Powdered  Nb  in  stationary  N  at  one 
atmosphere  pressure,  4-5  hrs.,  1300- 
1450°C;  fee  structure. 


WARMIf  0  COOLING  FICLO  (Oe) 

O  •  1450 

O  ■  1090 

£  *  72  5 

*  ♦  362 


i 
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NIOBIUM-NITROGEN 


TRANSITION  TEMPERATURE 


o> 

tL 

c 

2  75 


P 

TEMPERATURE,  y-ie^o 
°C  /  d 


.2  25  -  M 


2:<K'"3  Torr 


- T - 1 - rp — 

TEMPERATURE,  /  . 

(«00A  r 


w 


5xlO-;4  Torr 


25  50  75  100  125 

Nitriding  time  (seconds) 


0  100  200  300  400  5dO 

N.’triding  time  (seconds) 


Change  in  resistivity  as  a  function  of  nitriding  time,  temperature,  and  pressure.  Data 
were  taken  at  10°C,  =  ~3*96  (u«l-cm).  218503 


(FI 

g  100 


©■ 

i 


<9> 


K.O  01  C.2  0.3  i5.8  15.9  16.0 

Temperature,  T  (°K) 

53 


Superconductive  transition  of 
tht'ee  niobium  nitride  samples: 

a.  Prepared  in  ammonia, 

20  minute,  at  1350-1506°C. 

b.  Prepared  in  nitrogen, 

1  hour  at  1500°C. 

c.  Preoared  in  nitrogen, 

1  hour  at  1S00°C. 


[Ref.  19468] 
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NIOPIUM-NITROGEN 
TRANSITION  TEMPERATURE 

The  samples  in  the  following  ?  graphs  are  prepared  as  follows: 


Sample 

Nit  roper, 

N-Pressure 

Time 

Temperature 

at .  % 

atm . 

Hours 

_ ^C_ 

1 

4  ii  .  f: 

1.7 

10 

1450  - 

■  1500 

rJ 

46.-; 

9 

30 

3 

-.48.3 

0 

SO 

M 

40.7 

40 

4  S 

1 

140 


120 


> 

'«  100 


n 

«  00 


60 


14.0  14.5 

Temperature.  T  (°K) 


150 


Transition  curve  for  a  niobium  nitride  sample.  The  results  of  mcn.vurcniurit  on  the  sample 
token  at  various  field  and  current  conditions  are  shown  in  the  following  rraph. 

-•  ....  \ 
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N10BIUM-NITRGGEN 
TRANSITION  TEMPLRATURE 


The  specifications  on  the  samples  used  in  the  following  graph  are  given  below: 

0.029  inch  diameter  wire 


Property 


As 

Received 


Annealed  at  1875°C 
for  ?  Hrs.  in  3  x  10'^mm  Hg 


Eiectrcn-beam 
belted,  5  Ta s se s 


R25J°  i<  mio 

R10°K 

Tc  9.67 


^280 


9.2C 


500 

9.46 


60 


Transition  curves  for  niobium-nitrogen  systems  at  various  field  strengths. 
Field  ntrength  measured  in  0c ,  ia  indicated  or  the  curve.  The  data  were 
taken  at  7.2  A/ct.2, 


A) 

.33 

ot.^. 

He  quenched 

L) 

.33 

at.% 

N, 

vacuum  quenched 

C) 

1.64 

at  .'fc 

N. 

vacuum  quenched 
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NIOBIUM-NITROGEN 


TRANSITION  TEMPERATURE 
too  o. - T - 


'  c 

&  75  o 

(2 

c 
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u 

v  fo° 
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c 
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i  , 

'y  ■ 


Current 


a)  0.C10  -.nilliamp 
0)  0.100  | 

c )  0.501 

d)  10.378  I 


**  is*  i«e  iti 

Temperature,  T  (3K) 

Transition  curves  for  a  NbN  ribbon  cut  from  a  1  mil  sheet.  R300  = 
The  Nb  was  hcat?d  in  ammonia  at  1550°C  for  90  minutes.* 


Current 

Of. 

s. 

ft 

a) 

0.025  milliamp 

1*. 

O 

•  H 

h) 

0.100 

n 

L 

c) 

l.OOj 

r* 

d) 

9.930 
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c 

r> 

4-> 

w 

< a 
o 
cc 

y  »m 

c  I 


J»0< - 1 


1*1  l»«  i»9  I9< 

Temperature,  T  (°K) 


Transition  curves  for  a  5  mil  NbN  wire  R300  *  0,2  .  The 
in  ammonium  at  1??5°C  for  30  minutes-* 

*  Plotted  by  EPIC  stuff 


Nb  was  heaiod 
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TRANSITION  TEMPERATURE 


Transition  curves  for  niobium 
nitride  samples. 

H  -  1  Oe 

-  I  =  0.017  Amp 

-  -  "  -  -  I  =  zero  Amp 


w 

*■>  120 


«->  80  I - * 


SAMPLE  3 


l-l_j 


Tcmperatui e ,  T  (°K) 


Vy 

I'  '  \ 


0  8  *r  1 

pi  |o 
04  O 


SAMPLE  3 


SAMPLE  4 


14.0  I4.fi 


Temperature,  T  (°K) 


Transition  curves  for  niobium  nitride 


H  -  1  0e 


*  x  x  I  •  zero  Amp 
O  o  C  I  1  Id  Amp 


Sample 


Nitrop.en 


N-  Pressure 


Temperature 


Ell 


AIR  fORCF  MATERIALS  lAtfORATORV 

RE0CARCH  AND  TECHNOLOGY  DIVISION 
AIR  FORCE  SYSTEMS  COI.MAND 


PREPARED  8  Y  ELECTRONIC  PROPERTIES  INFORMATION  CENTER  .  HUCHE*  AIRCRAFT  COMPANY.  CULVER  CITY.  CALIFORNIA 


NIOBIUM -NITROGEN 


TRANSITION  TEMPERATURE 


The  effect  of  current  on  the 
transition  curves  of  niobium 
nitride. 


Current  I  (10"'>  Amp) 

Rising 

Tailing 

.1'/ 

• 

e  o 

1.7 

A 

A 

17.  J 

TT 

7 

4.8 

S 

□ 

11.0 

o 

II  12  n  |4  15  16  i? 

Temperature,  T  (°K) 


[P.ef.  96173 


NIOBIUM-OXYGEN 
TRANSITION  TEMPERATURE 


Lattice  Constant  and  Transition  Temperature 


Wt.%  0 

At ,%  0 

Lattice  Constant  {£) 
ao 

Transition 
Temperature 
Tc  (°K) 

Notes 

Ref  . 

0.101 

- 

3.3002  <•  0.0002 

- 

Oxygen  absorbed  for  7 
hours  at  1000°C . 

21113 

0.124 

.70 

0.70 

Wires  were  drawn  from 
electron-beam  melted 

13366 

stock  ,  then  annealed  6 
cutlassed  in  high  vacuum 
before  dissoiving  oxygen 
into  the  sample. 


26 

1.4 

- 

5.840 

- 

15227 

27 

1.62 

- 

8.04 

- 

13366 

32 

1.80 

- 

7.80 

- 

II 

75 

- 

3.3U2  *  0 . 0002 

- 

Oxygen  absorbed  for  37 
hours  at  1050°C. 

21113 

86 

2.6 

- 

7.04 

See  note  for  13366 
above . 

13366 
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Ir. :  i 4  i  C3tions  on  the-  samples  used  ;'n  the  foi  i  ow  ‘  nr  three  graphs  are  given  below 

0.079  Inch  Diamet er  Wire 

As  Annealed  at  1675°C  K lee tron- Beam 

Property  Received  fov  2  Hrs.  in  3  x  10‘^nm  H g  Melted,  5  Passes 


Electrical  resistivity  for  niobium 
oxygen  systems.  Current  density  J 
7.2  Amp/cm?. 

A)  3.83  at. %  'J 

B)  5. IB  ar.%  0 

C)  1.43  at .%  0 

D)  6.43  at.%  0 

c  =  warming 
x  =  cooling 


Temperature,  T  (°K) 


The  normalized  transition  temperature  as 
a  function  of  composition  for  the  Hb-0 
system. 


I  ' ■' 

3 

v  1  o 

i  0  v 

£ 

ft) 

-  £  0  8 

C  I  ^ 
OJ3JZ 

«h  z:  -ZL  0  7 


£  0  6 

r5 

k  11  n  c 


d  (at .4  0) 


-  -0.93(°K/at.%) 


Ref.  13306] 


£  0.2  ■ - 1 - 1 - 1 - 1 - 1 - -* - 1 - 1 

z  0  1.0  2.0  30  40  80  60  70  80 


Atomic  Der ~t: t  xvgen 


76  79  80  8  1  8  2  85  34  6  5  86  87  88  8.9  9C  9-1  92  9.5 

Temperature,  T  (°K) 

Field  effect  on  the  transition  curves  of  niobium-oxygen  systems.  Field 
strength  measured  in  Oe,  is  indicated  on  the  curves. 

J  =7.2  Amp/cm? 

graph  at 0 

A)  6. M3 

pj  5  18  °  warn'ing 

C)  3.83  *  cooling 

D)  1.43 

E)  0 
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[Ref.  13366] 
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NIOBIUM-NITROGEN 


CRITICAL  FIELD 

The  specifications  on  the  samples  vised  in  the  following  table  are  given  belov 

0.029  Inch  Diameter-  Wire 

As  Annealed  at  18"S°C  Electron-beam 

Property  Received  for  2  Mrs,  in  3  x  IQ-mm  Hg  Melted,  5  Passes 

R>q-5°K 

Tq-ffir-  ^10  -V280  500 


Material 


Critical  Fiexd 

Tc  (°K)  o(yD-cm)  HcA(0e)  /«Hca\ 
(4.2°K)  UT  ' 


Hn  (Oe)  Hfp  (Oe) 

{  4 . 2°  K )  ( 4 . 2°K) 


Nb  +  0.23  at .%  N 


1.7C  14C0 


HcA  is  an  approximation  of  He  from  the  area  under  the  magnetization  curve. 
Hfp  is  the  field  strength  at  first  penetration. 

Hj,  is  tne  riexo  strength  when  the  sample  Is  in  the  normal  state. 


Critical  field  for  niobium  nitride 
(49.4  at.%  N)  as  a  function  of 
temperature.  Sample  preparation: 

Nb  powder  was  nitnded  at  1  atm 
pressure  of  N  for  3  hrs.  at  1300°C. 


[Ref.  1G72&] 
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NIOBIUM-NITROGEN 


CRITICAL  FIELD 


Temperature,  T  <'°K) 


Critical  field  strength  resulting  from 
current  densities  in  two  NbN  samples: 

a)  1  mil  ribbon,  heated  in  ammonia  at 
1550°  for  90  minutes. 

b)  1/4  mil  ribbon,  heated  in  ammonia 
at  1350°  for  30  minutes. 


Threshold  field  for  niobium  nitride 
(44.4  at.%  N ) .  Powdered  Nb  was  pressed 
at  43,500  psi  and  heat-treated  in  a 
nitrogen  stream  for  24  hours  at  1300°C 
and  24  hours  at  1450°C. 

Sample  R/Rn 


a  0.1 

b  0.5 

c  0.9  [Ref.  18457] 


Critical  field  for  5-mil  NbN  wire. 

(Rn  =  0.20). 

A)  External  field  corresponding  to  a  field 
from  a  current  density  which  raises 
resistence  to  5Rn 

B)  External  field  to  raise  resistance  to 
•5Rn. 

C)  Calculated  from  (Cs-Cn)  for  a  NbN  powder 
Cs  is  the  heat  capacity  in  the  super¬ 
conducting  state.  Cn  is  the  heat  capac¬ 
ity  in  the  normal  state. 
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[Ref.  1C754] 


CRITICAL  FIELD 


Threshold  Field 


At .%  0 

Wt.%  0 

T-  l°K) 

P  (ufi-cm) 

»r.A 

( 4 . 30°K 

<0e) 

\ 

/ 

/4HqA\ 

\&1  -  V  Tq 

(4,20°K) 

(Oe) 

Hfp  (Oe) 

( 4 ,20"K) 

0.70 

0.124 

8.78 

3.9 

1360 

1425* 

-403 

7000 

V7550* 

580 

590* 

1.52 

0.27 

8.04 

8.2 

1125 

1260  + 

-403 

/v.9670 

''<11600'+ 

350 

380+ 

1.80 

0.32 

7.80 

9.6 

1048 

1210** 

-403 

^10300 

-V12600** 

290 

315** 

2.60 

0.46 

7.04 

13.7 

840 

1070++ 

-403 

-V11500 

'v-15000t+ 

170 

200+  + 

Hca  is  «n  approximation  of  Hc  from  the  area  undor  the  magnetization  curve, 

Hfp  la  the  field  strength  at  first  penetration. 

Hn  is  the  field  strength  when  the  sample  is  ir.  tho  normal  state. 

*3,G6°K 

+3.57°K 

**3.40°K 

tt3. 10°K  [Ref.  1336$) 

« 


Residue*  Kos.is* iviTy  snd  Upp?r  CriTic^l  ri*ld 


At .  %  0 

Residua),  Resistivity 
(ufl-cm) 

Upper  Critl'  il  Held 

Hc2  (kUuuss ) 

0.20 

0.82 

5.4 

0.86 

3  06 

6.6 

1.30 

5.14 

8.4 

•! 

[Ref.  21039] 
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NIOBIUM-OXYGEN 


CRITICAL  FIELD 


An  approximation  of  the  thermodynamic 
critical  fiald  Hc  an  «  Function  of 
tempera'  uro.  H-a  i»  approximated 
from  the  or  a*  under  th«  magnetization 
curve,  and  IIca  u  IIqI  1-(T/TC)?3. 

[Rtf.  1330C] 


U  1200  | 

tD 

■u  O  1000 


AOO  -N&+ 
Nbt 
400  Nbt 
Mb  + 


I  T  I  I  |  till 
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+  0  28  ot  %N v\\ 

/B  +  070  at  %o  \\\ 

Jb>  i.82fli%0 'X^r'w  \\\  - 

U0ol%0  S\  \\\ 

.bt2.e0«t%0""'  \y  \\  \V  \“ 

_) — i — i — I — l — I — k-Nsb-^Jh^ 


o.o  70  eo  eo  ?o  zo 

Temperature,  T  (°K) 


10  2  0  SO  4  0  o.o  *.o  ro  o.o  ®o  io 
Temperature,  T  (°K) 


Critical  field  atranRth  ao  «  function  of 
tomperature  for  niobium-oxygon  eyetem. 

J  »  7,2  Amp/cm5.  Hcr  Ja  th*  field  at 
which  I(/Nn  ■  .5  in  tho  reniutance  ratio 
value.  [Ref.  133G0J 


At. A  0 


A)  3.03 
D)  3.10 

C)  l.«i3 

D)  0.M3 
L)  0 

D  0  degas oad 


F+W K; 
-3000 
-3*J00 
-1200 
-1230 
-IlhO 


0 

“1 


Onci.Uuocop*  tracen  allowing  initial  penetra¬ 
tion  oi  th*  flux  into  an  electropo) iahod 
-Nbo.g-jjOo.oov  wire.  Trace  A  la  for  tho  sam¬ 
ple  In  /in  optimum  position  and  bottom*  out 
naar  -If)  mV.  Trace  1>  In  for  th«  sample 
moved  .1 . *»  mm  upward.  Conventional  Junta 
etiow  llcj  ■  f-80  Oe,  He  *  1300  Oe,  and  Hco  • 
700"  oe.  [Ref.  I1*  1/02 J 
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niobium-oxygen 


CRITICAL  CURRENT  DENSITY 


0  0.6  t.O  1.9 

Cxyft*n  content  at.% 


Critical  current  doncit.y  for  Hb-0  an  a  function  of  oxygon  content.  Data 

taken  at  3(kGauo;)). 


I.  0.0  mm  diam.  wire,  noft  annoolou  with  oxyp.on 
atom-j  ir  random  nolution. 

11.  0.3  nun  dlnm.  wire  cold  worked  with  oxygen  atomu 
precipitated  at  dislocations. 

Ill.  0.3  mm  dlnm.  wire  cold  worked  with  oxyp/in  atom.j  in 
random  oolution. 

I'.,  0.0  mm  ilsm.  v.’irc  cc! I  annealed  with  partly  ordered 

oxygen  atoms.  [Ref.  21025 J 


I!  Meet  of  oxygon 
content  on  critical 
current  density  in 
aini/le  cryntul 
nlohium,  The  data 
were  taken  at  h , K 
arid  at  the  upper 
critical  1  laid  Mt2( 


i  Ree  let  i  v  J  t  y  ratio,  — -uu 

P 

t, .  i 


I.KoI .  lyi/yv.i 


0’J 


I 


/ 


18  fORCE  BAraUALS  IABORATOtY  — i-i _ *  !P9©PISmT)B© 

fS'?5&“wSraffSS  |  rp,c  8  I^Gs©(j^0OT@|fcQ 

■  *  rrri  r\  »l  c — ■'•a  rr — i  r  -  ■■-> 


L^I^J  U  LSU=a 


r«*r\R*o  av  ii,*ctaonic  Pnoriimta  infosmation  c*ntia  .  kuiiiiii  aiacxaft  coiiaany,  cuuvm  city.  ^alifohnia 


NIOBIUM-OXYGEN 


CRITICAL  CURRENT  DENSITY 


►"  10  o 


Mb +#.43  AT.  %0 


.Mb  (S-Ti 

'AS  rec' 


'Nb-r3#3  AT  %0 


Mb  OUTOASSED 
AND  ANHCALEO 


0  2  4  #  e  !0 


applied  fieid,  Si 

Critical  current  aa  a  function  of  traneverae  applied  field.  Data  taken  at  4.2°K. 


0.07V  Inch  Diamator  Wire 


Proparty 


Aa 

Rocoived 


Annealed  at  1675°C 
for  2  lira,  in  3  x  10_”n»n  Hs 


Electron -Beam 


{Ref.  133003 


.  V.  *.  ■ ««  I. ji 


■  -  ■  a> 

r  •  .  •*'•''  ■  >"  '  a 
i1  1  •'  .  j  ~i  ,j'i£  ..v '  i-ij/.v 

)  mujih.i.ii  vijiali t  ■■ i^rV&jW- -■ 


AIR  FORCE  MATERIALS  LABORATORY 

fttfCAWCH  ANP  TECHNOLOGY  DIVISION 
AIM  Ponce  I  Y  I  Y  (  M  I  COtIMANO 


E  CLd(gT(^©[MIQ© 

p  mm&mmYmm 
I  G^P©[^G^^rO©lfcD 
C  H[^QT[1(^ 


RRIPAFUO  •  Y  f LCCTRCh  1C  PROPCRTlM  INFORMATION  CINTFR  .  HUCHII  AIRCRAFT  COMPANY.  CULVFR  CITY.  CALIFORNIA 


W IOB IUM-fl 1TR0GEN 
SPECIFIC  HEAT 


SYMBOL  FIELD  (OAUSS) 


O  0 

«  250 

O  600 

O  760 

•  1000 


Temperature,  T  (°K) 

Heat  capacity  as  a  function  of  temperature  for  NhN.  Tho  sample  was  prepared 
from  powdered  Nb  Heated  in  a  nitrogen  atmosphere  for  12  hours  at  13QQ°C. 
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0,200 

o.ioe 

0.'67 
0.146 

0  400  600  1200 

Field  strength,  K  (kCauao) 


Heat  capacity  aa  a  function  cf  field  strength  at  ll°i<.  A  powdered  Nb  sample 
was  heated  in  nitrogon  for  12  hours  at  130Q°C. 


[Ref.  ?0Q29] 
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NIOBIUM -OXYGEN 
SPECIFIC  HEAT 


Coefficient  of  Electronic  Specific  Heat 


y  ( lO"*4  cal/mole  °K2) 


At.%  0 

V  facA\2 

Bs  WJTc 

0.70 

16.7 

17.6 

1.52 

16.8 

16.4 

1.G0 

16.9 

16.4 

2.60 

■  17.0 

16.0 

Data  taken  at  4,20°K 


[Ref.  133662 


NIOBIUM- NITROGEN 


MAGNET1  HYSTERESIS 


Field  strength,  H  (KOe) 


Magnetization  for  NbN  as  a  function  of  applied  field.  Data  taken  at  **.2°K. 
NEC  curve  is  shown  lor  comparison. 


[Ref.  21847] 
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NIOBIUM-OXYGEN 


MAGNETIC  HYSTERESIS 


Magnetization  as  a  function  of  field  strength  for  the  Nb-0  system  and  Nb  at  4,23K 

a)  Nb  +  6 . M3  at.%  0.  R  0}< 

b)  0.020  inch  diam  wire,  s~2 =  68. 

K 1  0  K 

c)  Sample  referred  to  in  table  as  annealed  6  outgassed. 

■  s’)  Nb  +  0,70  at.%  0. 

e)  Nb  +  1.75  at.%  0.  C«*f<  I33ddj 


Magnetization  as  a  function  of  field  strength  for  a  Nb-0  sample  (0.70  at.%  0)  showing 
the  upper  t-nd  lower  critical  fields.  Data  taken  at  4.2°K. 


[Ref.  15459] 
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NIOBIUM-OXYGEN 

DEVICE 


Tunnel  current  through  a  Nb-NbO-Pb 
sandwich  at  4.18°K,  at  different 
magnetic  fields.  Zone  refined  Nb 
was  outgassed  at  2000°C  and  20% 
thick  NbO  films  were  formed  by  heat¬ 
ing  the  Nb  to  40°C  in  pure  oxygen  for 
2  hours.  Lead  was  deposited  to  1000X 
thickness.  [Ref.  21733] 
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NIOBIUH-NITROGEN 
SEMICONDUCTING  PROPERTIES 


*  f  r  +0.22  x  10” 2 3  (cm/V2sec2) 

R  .2 


6  = 


eO* 


=  n#u,  -  nhu;- 


n  is  the  carrier  concentrations,  v  is  the  mobility. 
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I  Electrical 

Thermal 

u 

"1 

Resistivity 

Conductivity 

1 ?ebeck  Coefficient 

Hall  Coefficient 

Notes 

Ref.  '1 

i  p  (u.i-cm) 

K(W/cm°K) 

S(uV/°C ) 

RdO-*4  cw3/coul) 

_ ;  j  -  -j 

i 

i 

60 

0.010 

-0.13* 

3803  i  .;! 

200 

- 

-2.0 

- 

- 

11500  j 

i 

i 

- 

-1.6 

- 

Arc  melted 

14001 

l  , 

- 

+  2.8 

Annealed 

♦  » 

i  1 

200 

0.033 

- 

- 

13723 

j  450 

- 

- 

- 

2050°C 

18179 

r  ' 
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NIOBIUM-OXYGEN 


ABSORPTION 


1)  Niobium  was  oxidized  in  a 
water  solution  of  boric  acid 
and  borax,  then  the  metallic 
niobium  substrate  was  dis¬ 
solved  in  hydrofluoric  acid. 

2)  Monocline  Nb205# 


ioor,40r 

-  80  -  120  " 

c  _  100  - 

o  80  - 

|  40  - 

r'  °'  20  P 


i.iitvii  cncigv  lei; 

G24  .062 


3  10  !3  20  30 

Wavelength,  1  (u) 

Absorption  spectra  for  niobium  oxide 
as  a  function  of  wavelength. 

[Ref.  17133] 


NIOBIUM-OXYGEN 


ELECTRICAL  CONDUCTIVITY 


Electrical  conductivity  for  a-Nb205# 
Oxide  powders  were  pressed  at  40,000 
psi  and  sintered  1300-1350°C  fer  two 
hours .  Measured  in  oxygen  at: 

L  0.12  atmospheres 
o  0.9  atmospheres. 

[Ref.  3274] 
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NIOBIUM-OXYGEN 


ELECTRICAL  CONDUCTIVITY 


Electrical  conductivity  of  sintered  o-Nb205  at 
10"6  atm,  pressure  of  air  after  reduction  at 
the  same  pressure: 

A)  8  hours  at  875°C 

B)  8  hours  at  810°C 

C)  1/2  hour  at  860°C 

D)  8  hours  at  750°C 

E)  1/2  hour  at  800°C 


Temperature,  Tc  (CK) 


2000 

-  10*'  , — 


Temperature,  T  (°K) 

■000  500 


io«  L _ I _ i _ L-i- 

0.5  0.6  or  0.8  0.fl 


Temperature,  (103/T  °K_1) 


a  10  ‘ 

•o 

e 

o 

o 


0.8  i.O  1.2  1.4  1.6  1.8  2.0  2.2 

Temperature,  (103/T  °K_1) 

[Ref.  5936] 


Electrical  conductivity  for  near-stoichio¬ 
metric  a-Nb205  at  1  atm  pressure  oxygen. 
Powdered  a-Nb20s  was  pressed  at  15,000  psi 
and  sintered  at  1390°C. 


[Ref.  78401 
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NIOBIUM -OXYGEN 
ELECTRICAL  CONDUCTIVITY 


5«IC 


Temperature,  T  (°K) 
1000.0  «?JJ 


Electrical  conductivity  for  niobium  ox ido. 


A  u-NbjOj  powder,  pressed  at  40,000  psi 
and  sintered  at  1300-1350°C  for  two  hrs. 


o  Nb20^  single  crystal, 
[Ref.  3*74] 


NIOBIUM-OXYGEN 
ELECTRICAL  RESISTIVITY 


'wo  Too  loo 

Oxygen  content,  (ppm) 


0.8  O.V  1.0  U  1.2 
Temperature  (103/T  °K"1) 


The  effect  of  oxygen  content  on  resi¬ 
dual  resistivity  of  niobium.  Data 
taken  at  4.2°K  on  single  crystal  niobium. 
After  treatment,  5  ppm  oxygen  remained 
and  the  content  shown  in  the  graph  was 
added. 


[Ref.  19627] 
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NIOBIUM-OXYGEN 
ELECTRICAL  RESISTIVITY 


Electrical  resistivity  of  sintered 
polycrystalline  niobium  oxide  with 
varied  tungsten  content,  (Nbi _XWX )20 $ t 

°  (Mb.  0GW*  O'i  ^2O0. 

D  (Nb. 9975w. 002^)2°G. 

*  (Nb.05W.15)2O5. 


Temperature,  T  (°K) 


1000  200  100 


Temperature,  (10J/T  0K’"1) 


■»P 

Temperature,  T  (°K) 


Electrical  res'stivity  of  sintered 
polycrystalline  niobium  oxide  with 
varied  tungsten  content,  (Nbj.-xWx^Oj. 

O  (Nb , 9  3W #  Q7 )205 . 

•  (Nt>.esw.  1  s)2°s. 

^  <Nb.94W.06>2°5. 

O  (  Nb  t  (i  5W  t  0  S  )  2^  5  . 

■  (Nb>9(,W>Ql4)205> 

[Ref.  595f I 
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NIOBIUM-OXYGEN 

MOBILITY 


Temperature,  T  (°K) 


Electron  mobility  ao  a  function  of  temperature  for 
a-Nb^Oc,  at  different  oxygen  vapor  preaouroa. 

[Kef.  16062] 


Electron  Mobility 


Electron  Mobility,  Temperature 


(cm2/V  3ec) 

Sample 

(°K> 

_  Ref. 

^.07 
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1000 

19083 

0,218*' 

nonstoicniometric 

a-Nb2°5. 
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14160 

*  This 
from 

is  an  average  of  24 
4.8568  to  4.9092. 

values  ranging  from.  0.09 

to  0.40  as  >; 

( Nb20x ) ,  inci eased 
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NIOUIUM-OXVGLN 
TIILKMOLbLH  R  !C  PKOPIiKT I CS 

Thermoelectric  powor  of  ointorcd  poly- 
cryotollino  niobium  oxide  with  variod 
tungnton  con  lent,  (^'jl_)<Wx)20^i 
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NIOIUUM-  NITROGEN 

FKOTON  EMISSION  PROPERTIES 


NbN  /  V 


The  L  series  epoetra  fo^  'bN.  Curvet,  arc  given  for  NbRj,  KM-  ami  Nb  for  comparison. 

[Ref.  16346] 

L  lino  intensities  for  Nb  compounda: 


Line 

Nb 

NbN 

NbC 

NbB2 

Lai 

’09 

100 

100 

100 

La* 

n 

11 

11 

11 

L(ii 

60.0 

60.5 

61.0 

62.0 

Lf!3 

9.9 

9.5 

9.9 

10.2 

!  i  a  •> 

D  .  3 

4 . 0 

9 .0 

3 . 5 

Lyl 

?.o 

1.47 

1.48 

1.4C 

Niv 

0.56 

0.39 

0.39 

0.36 

»V 

1.?? 

0.91 

0.90 

0.77 

Niy+Ny 

1.83 

1  .30 

1.29 

1.13 

values  ol 

tho  variation  of 

the  t  and  Ly j 

lines  for  equal  Lgi, 

intens. 

Line 

Nb 

NbN 

NbC 

NbB2 

L|{* 

100 

71.5 

72.9 

68.5 

ly1 

37 

26.3 

27 

27.6 

[Ref.  15346] 


NIOBIUM-NITROGEN 


PHOTON  EMISSION  PROPERTIES 


Integral  intensity  of  L-  bands  for  niobium  nitrogen  system,  taking  Lft  line  for 
Nb  as  unity.  L  2 


At .%  N 


Integral  Intensity 


6.32 
'  6.8 
8.1 
10.2 
11.9 
12.6 


[Ref.  16347] 


M  emission  band  for  Nb-N  with  12.44%  nitrogen. 


[Ref.  19820] 


6  3  62  61  60 

Wavelength , X  (a) 


NIOBIUM-OXYGEN 


PHOTON  EMISSION  PROPERTIES 


M  emission  bancs  for: 

1)  Nb205 

2)  Nb  (cold  emitter) 

3)  Nb  (above  100°C) 

[Ref.  19820] 
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NIOBIUM -NITROGEN-OXYGEN 


CRITICAL  FIELD 
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Temperature,  T  (°K) 


Critical  field  for  niobium-nitrogen  system  with  residual  oxygen.  Schroder's  data  on 
niobium  nitrogen  systems  was  supplemented  by  these  data  with  residual  oxygen.  Some  of 
the  procedures  used  in  the  preparation  of  the  NbN  samples  were  eliminated  and  oxygen  re 
mained  in  the  following  amounts:  ' ' 


1)  Nb 


2/  NbN3.Q5OQ.g2 
3)  NcNq  .  i  i,0i) .  q  3 
41  NbNo.,9 

5)  NbN3.55O0.1c 

6)  NbNo.eo 

.7)  NbN0.77O3.07 

®).  NbNc .  gyOe .  08 


[Ref.  9655] 
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HIOB JUM-NITROGEN-M 
TRANSITION  TEMPERATURE 


ti  10  16  I7°K 

Temperature,  T  ( ■’K ) 


Transition  curves  for  niobium-nitrogen  system  with  additional  metals.  Strips  of  niobium 
2iTiYn  y  0  O.ciiin  were  alternated  with  1-l.Bmin  x  0.3 bum  strips  ef  the  additional  metal.  These 
samples  v.-ere  rolled  and  heated  1-2  hours  at  1700°C  in  vacuum.  Then  the  diffused  metal 
specimens  were  heated  in  nitrogen  at  30-'«0  atmosphere  of  pressure  for  seven  hours. 


1)  NLN  +  Ti 

2)  HbN  +  Zv 

3)  NUN  +  la 


r  He  f .  0617’ 


GENERAL 

Nb-Al  Three  distinct  compounds  are  formed  in  the  niobium  aJ uniinum  binc-ry  system; 
NbgAl  in  the  8-Wolfram  phase,  Hb^Al  in  the  c-tctragonai  and  NbAl^  in  the  tc trap,:) rial .  The 
data  available  for  these  compounds  include  transition  temperature,  critical  field,  mag¬ 
netic  hysteresis,  and  magnetic  susceptibility. 


Lattice  constants  and  transition  temperatures  are  given  for  four  ternary  compounds; 

^3^0 .  S^e0. 5 ,  NbAl  5b,  ,  and  N'b,Al  Sn,  ,  with  8- Wolfram  structure  and  Nb_Al  C  in  the 

s  x  1-x  3  x  1-x  3  7 

8-manganese.  The  nature  of  this  latter  structure  is  not  fully  understood  and  the  lattice 
constants  given  for  this  material  are  those  for  the  hexagonal  subcell  of  the  H  phase. 
Johnston,  et  al,  [Ref.  17803]  claim  that  the  B-manganese  structure  is  favorable  for  the 
occurrence  of  superconductivity,  however,  in  the  niobium-aluminum  system  the  8-tungsten 
structure  gives  better  results. 


]  g  y 

Irradiation  with  fast  neutrons  1.5  x  10  n/cm‘,  increases  the  critical  current 


density,  [Ref.  15568],  Primary  flux  0.1-u.O  MeV 


.  *j/nvt  ( \ 

\  10^®n/cm^ / 


1.75. 
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N iOllIUK  ALUMINUM 


CI.HLnAL 


Atomic  purcon’.  Aluminum 
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NlObIUtf-HAGHL‘JlUH  l>YSTt:H 


TRANSITION  T.l Ml'LRATUKL 


-Mg  Ttio  transition  temperature  for  t*  niobium --magnesium  n  ample ,  KLHg^,  ic  given 


au  5.G°K  (.Uof.  10. ’0*4  j. 


NJ.OI'iOM- ALUMINUM 


T ftAHG J T 1  ON  TLMPLKATUKL 


Lattice  Const*.. t  and  Transition  Temperature 


Nt-Al 

Transition 


At.'t  A]  Crystallography 


Lattice  Constant  (A)  Temperature 


Tr  (°K ) 


Notea 


j^Ai,  fi-tunguten  5. 107'. 00? 


IWsscd  pel  lei  i'<307 
J.rcd  in  He 
»vc  fun  acc 


10. 0-10.0 

17.0 


9?90 

13020 


17.1  Tired  at 

3500°C. 


3  3ib5 


l')0C'°C. 


17.0  Melted  granu-  1940? 
lar  compacts. 


17.7  Arc-cast,  be-  15500 
fore  irradiation 
17.40  Irradiated  w/fast  " 
neutrons , 


1.5  x  10lf)  n/ern  , 


0.1-4  MeV. 


1  5.103 

33  NLjAl,  o-tctragonal  9.957 


10550 
14  380 
9240 


NbAl^,  tetragonal  5.438  8.001 


Hansen 
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K 10 UIUM- ALUMINUM 
WAN  3  IT  ION  TEMl’LRAV  'LL 


>1 — - — - — 

\ 

lL 

f<e,  ai 

j 

Sd.  Al 

_ i - 
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<l«  08  TO  72  74  V6 

Atomic  percent  Niobium 


Transition  temperature  for  a  Dressed,  sintered,  niobium-aluminum  alloy  as  a  function  of 


niobium  content. 


[Ref.  19482] 


1  -  pressed  powder,  presintered 

\1  !>r .  at  1CC0°C  tr.  vacuum ) 

2  -  pressed  powder,  without 

precintering 

3  -  compact  granules,  without 

presintering 


0  17 

•H  RJ  ' ' 

+  >  t* 

•H  3 
V)  4-> 

t-  <T3 

^  0)  le 

f-  cx 

S 

6- 


J^rll _ I 


64  M  72  72  00  64 

Atomic  percent  Niobium 

Transition  temperature  for  niobium-aluminum  alloys  as  a  function  of  atomic  percent  nio¬ 
bium.  Raetz  and  Saur  claim  a  higher  ourity  for  the  samples  prepared  from  granules  then 
those  prepared  from  powders.  Their  sample  preparations  show  a  lower  absorption  of  gases 
by  the  granules. 

[Ref.  1948'’] 
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NIOBIUM-ALUMINUM 


TRANSITION  TEMPERATURE 


Transition  temperature  as  a  function  of 
sintering  temperature  for  a  pressed, 
sintered  niobium -aluminum  (Nb.Al) 
powder.  [Ref.  19482] 


Transition  curves  for  niobium -aluminum 
alloys.  The  niobium  content  (at.%) 
present  in  the  alloy  is  indicated 
on  the  curve.  Samples  are  arc- 

_ I  A.  .  J  C _ _ -  - _ -  _  J  _ ) _ 

iiici  tcu  l  i  viii  a  yi'caocu  uonuci 

without  presirtering , 


I 

I 

l 


Transition  curves  for  r.ioDiu;  -aluminum 
alloys.  The  niobium  confer*  (at.%)  in 
the  alloy  is  indicated  on  the  curve. 
Samples  are  sintered  from 
a  pressed  powder. 


Temperature  (°K> 


[Ref.  194E2] 
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ttTAmini  i  t 

11  iuciur  -  TlDunAKUn 

CRITICAL  FIELD 

1  -  pressed  powder  without  presinteriug 

(70.7  at .%  Nb) 

2  -  compact  granules  without  presinterirg 

(75  at.%  Nb,  Nfc3AI) 

3  -  pressed  powder  presintered  1  hr.  at 

1000°C  in  vacuum  (75.5  at.%  Nb,  Nb3Al) 
For  this  sample  6Hp  -  -40  kOe/°K 
dT 

Critical  field  as  a  function  of  temperature  for 
arc-mel ted . 


«> 


lob). urn -aluminum  alloys.  Sampler,  were 

I'Kof.  104  02  J 


MAGNETIC  HYSTERESIS 


The  change  in  magnetic  hysteresis  R  as  a 
result  of  fast  neutron  irradiation  of 
a  niobium-aluminum  alloy.  The  sample 
was  arc- cast  from  powder.  Before 
irradiation,  the  magnetic  hyster¬ 
esis  6  of  the  sample,  was  equal 
to  50  Oe  in  a  4000  Oe  field. 

Primary  flux,  0.1-4  MeV. 

[Ref.  15569] 


Fast  Neutron  Flux  (n/cm2) 


neufr-or. 

irradiation 

Appl 

ied  Field  (oe) 

flux  (r./cin*) 

20CO 

,  3000  ,  4000 

5  x  1016 

187 

123  59 

3.5  x  1017 

311 

205  147 

Magnetic  hysteresis  for  arc-cast  Nb^Al. 
Primary  fiux  0.1-4  MeV. 

[Ref.  17820] 
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NIOBIUM- A LLMINUM-M 


TRANSITION  TEHFcRATURL 


Lattice  Constant  anil  Transition  Temperature 


Formula 
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GK'i  Note? 
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.. 
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-- 

-- 
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If. .  7 
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13.1 
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13.4 

0.4 
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0 . 4 
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-- 
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-  - 

-  - 

— 
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1.7 . 1 

0.4 

*Ai  is  i ho  width 

c 

of  the 

transition 

region 

All  powdered 

samples  ores' «d  and 

olnt  or 

except  as  fellows:  t  not  pressed  before  sintering,  aa  sintered  s^mplo  was  retired. 

tl  a  sample  with  x  =  .10,  fired  for  3  hours  at  1U00°C  without  pressing  had  the  following 

values:  a  =  V-.270A,  T  s  7.3°K,  AT  *  2.0 
o  c  c 
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MODIlM-Ai.UMINUN-  H 
TRANSITION  TKH7KRAYURE 


Lattice  constants  as  a  function  of  compo¬ 
sition  for  NbjA.l^Snx.x 


10  08  02  0 
Aluminum  Component,  x 

Transition  temperature  of  a  niobium-aluminum  - 

tin  alloy  as  a  function  of  x  in 

Nb-Al  Sn,  . 

3  x  1-x 


Samples  wore  pressed  and  sintered  at  temperatures  indicated. 


i  . 


i; 


MAGNLTIC  SUSCtpriblLITY 


[Ref.  131SS] 


1.0,- 


UNIKRA  D'ATCO 


r  1 


L 


iVciTitalized  susceptibility  for  Nb^Al  with  .321  at.%  U. 
p, round  from  an  arc-cast  rod. 


The  powdered  samples  were 

[Ref.  21907 j 
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KIOEIUM-ALUMINUM-M 


CS 


KT£^  !  HL'GH**  A’«c«A*r  COm»N.'  Cul  VIA  CIT  .  C^UFOBh'* 


CURRENT  DENSI1Y 


Current  density  of  Nb^Ai  as  a  function  of  applied  field.  The  powdered  samples,  (70y  par, 
tides)  were  ground  from  arc  cart  ingots  and  irradiated  by  thermal  neutrons.  The  sam¬ 
ples  contained  .321  at.f.  U. 
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NIOBIUM  ALLOYS  AND  COMPOUNDS 

NIOBIUM-SILICON  AND  NIOBIUM-PHOSPHOROUS  SYSTEMS 
GENERAL 


No-Si  Until  recently  none  of  thn  niobiun  siiicides  showed  a  transition  tempera¬ 
ture  above  1.20^.  The  19G3  paper  of  Galasso  ar.d  Pyle  fRef.  21256]  reports  a  Nb^Si  com¬ 
pound,  with  an  ordered  CugAu  structure,  to  have  a  Tc  of  1.5°K. 


In  a  1964  paper.  Gold  presented  an  empirical  method  of  predicting  the  transition 
temperature  of  superconducting  alloys  and  compounds.  He  claims  that  if  Nb^Si  were  to 
assume  a  B-tungscen  structure,  it  would  have  a  transition  temperature  between  22.6  and 
30 . 9°K 


One  attempt  to  form  nioDium  3nd  silicon  into  the  B-tungsten  structure  was  made  by 
Hoileck,  e*.  al.  They  began  with  6-tungsten  UbjSn  and  added  niobium  and  silicon  in  a  3:1 
ratio.  The  samples  were  hot  pressed  and  sintered  for  50  hours  at  1600°C .  For  composi¬ 
tions  to  50  mole  percent  Nb(3)Si,  the  NbjSn-NbOlSi  system  was  homogeneous.  The  lattice 
constant  at  the  50  percent  point  was  5.25  X.  Projected  to  a  possible  B-tungsten  struc¬ 
ture,  Hoileck  et  al.  claim  the  lattice  constant  for  Nb^Si  to  be  5.19  n.  There  is  fur¬ 
ther  doubt  about  the  existence  of  this  phase  since  the  Nb;>Si3  phase  will  suppress  the 
6-tungsten  structure  [Ref.  21457]. 

Nb-U  Ho  transition  temperatures  arc  reported  for  the  niobium-phosphorous  sys¬ 
tem,  However,  electrical  resistivity  data  are  given. 

t  The  1.20rK  values  come  from  [Refs.  9695  and  9293].  TRef.  12216]  gives  the  lowest 
temperature  measured :  Tc  =  1 .02°K. 

’•  Cold,  L.,  FIIYS.  STAT.  SOL.  ,  v.4,  p.  261  U 
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NiCBIUH-SlLICCN 

GSNFRAL 

Lattice  Constant 


o 

Lattice  Constant  (A) 


At.%  Si 

Formula 

Crystal 

lography 

d 

C 

o 

o 

Ref. 

25 

Nb3Si 

cubic : 

Cu3Au 

4.2116 

“ 

21256 

37.5 

Hb5Si3 

D8g 

7.536 

5.248 

* 

II 

C-Hb5'i3 

tetr: 

Cr5B3  type 

6.570 

1A .  884 

21416 

II 

S-Nb5Si3 

tetr: 

Ni^P  type 

10.018 

5.077 

It 

67 

SbSl2 

C40 

4.785  * 

6.576  * 

II 

.005 

.005 

■*  Scnachner ,  H.,  et  si.  i-!H.  CHEM.,  v.  86,  no.  1,  p.  245  (1864). 


t  &q  =  4.207  HC1  transport  method  of  preparation  LRef.  21843], 


KTOBll’M-PHOS 

dErSRAL 

Compound 

PH0R0US 

a 

o 

Lattice 

b 

o 

Lattice  Constant 

O 

Constants  (A) 

Co  B 

Symmetry 

Ref. 

NbP 

3.334 

- 

11.378 

tetr. 

>v 

NbF, 

8  ■  87  6 

3.26c 

7.529  119°8 ' *5' 

monoclinic 

20108 

Poller,  H. 

and  t. 

Partne.  ACT.' 

t.CKYST.  ,  v.  16,  p.  1095,(1.* 

03). 

Li 
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l 
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NIOBIUM- SILICON 


GENERAL 


Nt>4  Si  Nb g  Sig 


>2480 °C 


i/lIQUID, 


'  LIQUID 
Nb  Si* 


- 

9  Sis 
4 


2000  H 


JS30°C 


mum  °\ 


Nb  Nb4  Si  i<bsSi5  MbSi*  \ 
Nb4Si  Nb*Si,  Nb"si*  V 


0  20  40  €0  80  100 

Atomic  percent  silicon 


Phase  diagram  for  the  niobium-silicon  system,  o  observed  melting  points. 


[Ref.  21421] 


+'  5.3l 

e 

<c 

V) 

c 

o  " 

ocx  *i.23 


A  -  single  phase  region 
B  -  two  phase  region 


to  5  2  /  I  ■  ■  I  I _ L- - 1  I 

~  MbjSn  20  40  60  80  Nbl3)S: 

Mole%  Nb( 3)Si 


lattice  constant  for  the  Nb,Sn-Nbv 3)Si  system.  :  50%  Nb(3)Si  a  -  5.25  A  and  the  prob- 

d  o 


able  lattice  constant  for  a  P-tungsten  Nb„Ci  is  given  as  5.19  A. 

O 


[Ref.  21457; 
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NIOBIUM- SILICON 
SEMICONDUCTING  PROPERTIES 


Semiconducting  Properties 

Electric. .1 

P.csi  st  ivitv 

Tneitme)  eetrir  EMP 

Hall  coefficient 

P '  jjfi-cm ) 

uV /°c 

RxlG‘4(cm^/coul ) 

Notes 

Ref . 

C .  3 

_ 

-  . 

NbSi2 

18i79 

24,5 

-- 

... 

?f 

13723 

50.4 

(n)  +  14.4 

-.77* 

1 1 

16S93 

(S)  13.6 

_  _ 

NbSi,A 

14991 

arc-rr.elttd 

— 

13.7 

-- 

NbSij 

annealed 

-- 

8.74 

— 

HbSi19E 

arc -melted 

-- 

10.35 

— 

WbSii.gs 

annealed 

-- 

12.4 

— 

Nb£i2.05 

arc-melted 

-- 

11.57 

— 

NbSi2.05 

annealed 

*  Hall  mobility  :uH  =  1.5(cm2/V  sec) 


NIOBIUM-PHOi PHOROUS 
ELECTRICAL  RESISTIVITY 

Ripley  [Ref.  11072]  reports  the  formation  of  6-NbP  with  the.  following  percentages. 


Nb-74.4%  and  P-24. 9%.  The  electrical  resistivity  is  reported  in  the  table  below. 
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NIOBIUM  ALLOYS  ANU  COMPOUNDS 
NIOBIUM- SILICON 
PHOTON  EMISSION 


Integral  intensity  of  L  r  bands  for  niobium-silicon  compounds,  taking  L  line  for 

1 2  2 


Nb  as  unity. 


Compc  und 
Nb5Si3 


Intensity 

0.60 


NbSij  (w/ impurities) 


C  .99 


[Ref.  16347] 


n 


:-s 

Vv, 


v 


J:’ 


•VI 


CZ 

2  3  C/1 
►-<  i  n 
o  tn  o 
W  O  -3 

»-H  >  H 

c:  2  o 

~C  CT  2 


<  c:  ^ 
>  2 
2  *• 

> 

C  2 


fci 

-•'V-T* 


-’f 


i 


' 


NIOBIUM  ALLOYS  AND  COMPOUNDS 

NIOBIUM-SCANDIUM,  NIOBIUM-TITANIUM  AND  NIOBIUM-VANADIUM  SYSTEMS 
GENERAL 


Nl-Sc  Th  :  transition  temperature  given:  Ly  Hake,  et  al  [Ref.  10713]  for  Nb-lSSc 
is  greater  than  4.2°K.  This  alloy  was  formed  by  melting  the  components  in  an  arc-fur¬ 
nace  on  a  water  cooled  copper  hearth  ,  inverted  and  melted  at  least  six  times-  Rapid 
quenching  resulted  after  the  arc  was  broken. 

The  critical  current  density  measurements  were  taken  on  a  cold  rolled 
alloy  reduced  83%.  is  determined  by  increasing  I  until  a  slight  voltage  is  noticed, 

■uO.25  pV. 


Nb-Ti  The  niobium-titanium  system  assumes  a  cubic  structure  except  in  the  titan 
ium  rich  region,  75-8C  at.%  titanium.  The  transition  temperature  shows  the  change  of 
phase  near  89%  titanium  and  extrapolates  to  Tc  =  0.5°K  for  non-allcyed titanium . 

The  difference  between  H^,  the  measured  upper  critical  field,  and  H^*, 
The  upper  critical  field  from  the  GLAG  theory,  is  discussed  by  S'napira  and  Neuringer 
[Ref.  21846]. 

Nb-V  The  niobium-vanadium  system  assumes  an  alpha  phase  solid  solution  through 

out  the  entire  range  of  vanadium  compositions,  and  the  lattice  constants  for  this  sys¬ 
tem  decrease-  linearly  from  a  3.32  for  niobium  to  a  m  3.03  for  vanadium.  The  transi- 
J  o  —  c  — 

tion  temperatures  have  a  value  of  T  ^  9°K  for  niobium.,  reach  a  minimum  of  T  4°K  and 

c  —  -  -  c  - 

then  rise  tc  T  m  5°  for  vanadium. 

c  — 
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NIOBIUM-TITANIUM 


CENTRAL 


The  high  titanium  region  of  the  n;ofcuim- 
titanium  pnase diagram,  showing  the 
i"" u ir ti c ii s i "t o  curve. 

[Ref.  12093] 


KUOHII  *l*C«AfT  COMPANY.  OUUV1K  CITY.  CALIFORNIA 


Atomic  percent  titanium 
to  20  30  40  50  SC  70  60  30  100 


Weight  percent  titanium. 


Fhase  diagram  for  the  niobium-titanium 
system .  The  phase  changt  s  from  B 
(cubic)  to  mixed  a  (hep)  and  B 
phases  in  the  titanium-rich  region. 

[Ref.  21471] 


[Ref.  21471] 


Lattice  parameter  of  tne  niobium-titanium  system  as  a  function  of  titanium  content. 
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■  ■■■Mil  FlUMMUEmiJ—a 

NIOBIUM-VANADIUM 

CENTRAL 


Phase  diagram  for  niobium -vanadium 
system . 


.^b  V 

Atomic  percent  vanadium 


Atomic  percent  vanadium 

iftOCtw  an  an  cn  -?r\  go  &q  . qn 


Nb  10  20  30  4C  50  60  70  80  90  V 

Weight  percer-  vanadium 

[Ref.  2.1466] 


Lattice  constants  for  the  niobium  vanaoium 
system.  Niobium  in  sheet  or  pellet  form 
powder,  was  melted  with  sheet  vanadium  in 
an  arc  furnace.  The  alloys  were  remeJted 
three  or  four  times  to  increase  homo¬ 
geneity.  Data  taken  above  350°C. 

[Ref.  21466] 
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N 1 02 1  'JH  -  T I  TAt'  I 
TRANSITION'  TEMPERATURE 


Transition  temperaturas  for  the  niobium-titanium  system, 
showing  the  phase  change. 

[Kef.  1258 j] 


Transition  temperatures  for  the  niobium-titanium 
system  in  the  titanium-ricn  zone.  On  ex¬ 
trapolation,  Tc  =  0 .  S°K  for  titanium. 

o  slow  cooled 
•  water  quenched 

[Ref.  12583] 


Transition  temperature  for  the  niobium- 
titanium  system. 

o  H  =  5  (KOe) 
x  H  =  0 

[Ref.  218U9] 


o 

Lt 


£  50  60  70  80  90  100 


Atomic  percert  titanium 
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NIOBIUM-TITANIUM 
TRANSITION  TEMPERATURE 


Transition  curve  for  single  phase  hep 
TiQ  ggNb0  ou  from  permeability 
measurements 


[Ref.  15532] 


Temperature,  T  (°K) 

0  3.16  4.47  5.46  6.3 


-i — - 1 - r 

hep 


i 


■  A  ni  1 _ ■-  I _ 

0  10  20  30  40 

2  2 

Temperature,  T  (°K  ) 


Lattice  Constant  and  Transition  Temperature 


At . i  Ti 

Symmc  try 

o 

Lattice  Constant  (A) 

a  c 

o  o 

Transilion 

Temperature 

T  ( °K) 
c 

Notes 

Ref. 

^6  0 

h€  X 

2.93  4.57 

7.9 

at  the  B-(e.+6) 
boundary 

11642 

9  7 . 5 

hep 

-- 

1.6 

arc-melted,  cold 
rolled,  annealed 

650 °C,  2  hours 

1 V  3 1 0 
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NIGBIUM-VANADIUK 


rPANSITION  TEMPERATURE 


Transition  temperature  f_>  niobium, - 
vanadium  system. 


i-"  9 
-  8 


LPef.  121-63] 


g  0  ' - 1 - 1 - 1 - 1— 

U  Nb  '.2  0-4  0.6  08 

h 

At  or, ic  ratio  vanadium 


NIOBIUM-TITANIUM 


CRITICAL  FIELD 


Atomic  percent  titanium 

0  20  40  60  80  iOO 


I  ,20 


u,  99 

c 

o 

b  60 


Field  strength  necessary  to  restore  resistivity 
to  titanium-niobium  samples.  T}  e  data  are 
taken  at  J  =  10  amp/ cm ^  and  T  =  1.2°K. 


[Ref,  15320] 
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NICBIUK-TIT/NIUM 


CRITICAL  FIELD 


Upper  critical  field  and  resistance  minima 
for  Kb  Ti  highly  annealed  with  a 
small  amount  of  defects. 


X  -  resistance  minima 

{these  will  probably  extend  into  the  shaded  are 


•  - H  .(T) 


[Ref .  21641] 


Temperature,  T  (°K) 


Reduced  Temperature,  t  -  T/T 


o  Nb 

A  Nd-5.7  AT.  %TI 
a  Nb-17  TI 
•  Nb-32  TI 


The  upper  critical  1  it Id  for  niobium  and  three  niobium-titanium  alloys. 
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M  OB 1 UK - Ti  iAU  I  UK 


CRITICAL  FIELD 


Critical  field  for  2i'o-Ti.  Data  taken 

2 

at  J  =  1  to  10  Amp/cm  . 


H  =  82  kGauss 


wn 


13 

a  40 


•h  ao 

AJ 


[Ref.  11699] 


2  4  6  3  K 

Temperature,  T  (°K) 


1-  0.5 

-  |o 

•w  r— ' 

C'i  <S 

~ojx<'0< 


SHAROV ALT 
ABRIKOSOV-  . 
GINZBURG 


O  Nb  COLO  WORKED 
O  Nb  ANNEALED 

4  Nb  J.8  AT.  %  Ti  COLD  WORKED 
O  Nb  IV  AT.  %  TI  COLD  WORKED 
T  Nil  31  AT.  %  Ti  COLD  WORKED 
0  No  9G  AT.  %  Ti  COLO  WORKED 


0  0.2  0.4  OR  0.8  1.0 

Reduced  Temperature ,  t  =  T/T 


TUe  upper  ciiticui  field  ratio  for  niol ium-titanium. 


[Ref.  16470] 
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HCJ  =  l0  3i0.4  k0»  (MAGNETIZATION I 


0  2  4  e  8  10  12  14 


K;s;IOJi0.4  HOe 
(MAGNETIZATION) 


Transition  curves  for  niobium  +  3.0  at.%  titanium,  ribbon  samples. 
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0 

cold  worked 


I  (A) 

J  (A/cm/) 

I  (A) 

J  (A/cm/ 
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U.  97  0 
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NTGL'I'JM-TITANIUM 

1 

CRITICAL  FIELD 

1 

Electrical  Resistivity  and  Critical  Field 

i . 

Rolled  Sample 

1 

Hr* 

At.%  Ti 

( yn-cir.) 

( kGauss ) 

1 

1 

,  5 

6.8 

33.2 

39.9 

L 

'  lot 

l 

12.0 

51.3 

58.7 

j 

9  IS 

19.0 

58.0 

64.0 

L 

i  30 

l 

30.6 

104.4 

112.0 

f 

|  DO 

42.2 

123.0 

126.0 

L 

j  53.  5 

56.7 

144.0 

146.0 

70.0 

79.4 

137. C 

140.0 

h 

75.0 

98.5 

112.5 

116.3 

80.0 

97.2 

98.0 

108.  C 

|  ] 

90.0 

63.8 

38-0 

44 . 8 

i 

1 

5 

niic  oaiTiiilc 

i 

i 

45 

49.3 

125.0 

-- 

» 

\  57.3 

53 . 8 

137.5 

— 

i . 

|  62.3 

63.0 

1*:  5 . 0 

-- 

r  ■ 

|  66.9 

79.3 

M 

-- 

1 

1 

'  70.0 

1 

95.7 

136  2 

-- 

f 

1 

f 

i 

[Ref . 

11924] 

j 

[  *  Hr  data  taken  at 

J  =  10 

Arap/cm^,  T  =  1.2°K 

1. 

t  10  at.$  titanium 

alley: 

p  -  13.6  uP-cm,  Hr  -  28.1  kGauss 

[Ref . 

16589] 
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NIOBIUM- SCANDIUM 


CURRENT  DENSITY 


Critical  current  density  for  a  nictf um-scar.diurr 

alloy  (IS  at. %  Sc).  ^ 


O  H 

J_  rolling  plane 

>> 

^  ' 

•ri  > 

l/l  CN 

c  e 

□  H 

1 1  rolling  plane 

<i>  u 

c, 

*->  £ 

fRer.  10711] 

p  < 
C  W 

c, 

p 

c 

NIOBIUM-TITANI'JM 
CURRENT  DENSITY 


x  H  =  0 
o  H  =  5  (KOe) 

Critical  current  density  fcr  the  niobium-titanium  system.  Data  taken  at  0°K . 

11*> 


[Kef.  2i84S] 
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NIOBIUM-TITANIUM 
CURRENT  DENSITY 


Critical  currant  density  for  niobium  + 
3.0  at.%  titanium  for  different  field 
orientations.  The  field,  H  is  per¬ 
pendicular  to  the  current. 

O  cold  worked  ribbon  H  J_  wide  side 
■  cold  worked  ribbon  H 1 1  wide  side 
•  annealed  wire 

[P.ef.  15459] 


Field  strength,  H  (kOe) 


Critical  currerrc  density  as  a  function  of 
field  strength  for  a  Nb-10  at.%  Ti  alloy 
reduced  62:1.  The  data  were  taken  at 
4.2°X  (3  is  the  angle  between  the 
field  and  the  rolling  plane), 

[Ref.  15344] 
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NIOBIUM-TITANIUM 


CURRENT  DENSITY 


Critical  current  density  as  a  function  of  trans¬ 
verse  applied  rield  for  Nb  10  at.%  Ti. 

Data  were  taken  at  4.2°K. 

!/,.  [Ref.  16589] 


✓COLD 

WORKED 


ANNEALED 
AT  1100°  C  i 
FOR  I  HOUR' 


Applied  field,  H  (kGauss) 


Critical  current  dencity  for  35  Nb-65  Ti  alloy 
The  data  were  taken  at  l.^K  with  h  parallel 
to  the  roxling  plane  and  perpendicular  to  J. 
The  samples  were  cold  rolled;  the  thick¬ 
ness  reduction  ratios  are  indicated 
on  the  curves. 

[Ref.  15320] 
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NIOBIUM -TITANIUM 
CURRENT  DENSITY 
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Critical  current  density  as  a  function  of  transverse  applied  field. 


1. 2°K 

■ 

l 


4.2°K 

□ 

A 


Nb 

Nb 

Nb 

Nb 


.39 


Ti 


.50 


Ti 


.70 

.61 

.50 

.25 


0.010  in.  diam.  wire 

0.0051  in.  diam.  wire 

0.0016  thick  strip  reduced  275:2 
by  cold  rolling,  H J|  rolling  plane 

for  comparison 


[Ref.  15320] 
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NIOBIUM-TITANIUM 
CURRENT  DENSITY 


Field  orientation  0  (degrees) 

Critical  current  density  for  three  Nb-40  at.%  Ti  alloys  as  a  function  of  the  angle  between 

applied  field  and  rolling  plane. 


H  =  30  kGauss 
T  =  4 . 2°K 
J  ||  R.P . 

H  j_  J 

240  :  1  reduction  [Ref.  15144] 
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NIOBIUM-TITANIUM 
CURRENT  DENSITY 


Critical  current  density  for  a  Nb-40  at.%  Ti 
alloy  as  a  function  of  the  orientation  of 
H  with  the  roiling  plane  of  the  sample. 


H  _L  rolling  direction 
J  ||  rolling  direction 
H  =  30  kGauss 
T  =  4 . 2°K 
24  :  1  reduction 


[Ref.  15344] 
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Critical  Current  Density 
(103  Amp/cm2) 


li 

Rolling  Plane 

H II  Hi 

Unrolled 

Reduction 

T°K 

Notes 

80% 

4.8 

4.4 

_  _ 

83% 

1.2 

30  kGauss  stan¬ 

65 

4.6 

0.38 

0.10 

90 

4.2 

dard  sample 
preparation 
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0.12 

0.16 

92 

ti 
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28 
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0.10 

0.12 

90 
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[Ref-  10713] 
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NIOBIUM-TITANIUM 


CURRENT  DENSITY 


£  0  100  800  500  400  500 

Aging  temperature,  T  (°C) 

A  niobium-titanium  alloy  (79.3  at.%  Ti)  was  machined,  slightly  rolled  and  recrystal- 
iized  at  8GG=C.  Further  rolling  (8G»)  and  aging  at  temperatures,  shown  on  the  above 
graph,  markedly  affect  the  critical  current  density  and  upper  critical  field. 


HC2  before  annealing  HOkG  (1.2°K) 
H  ^  after  annealing  128kG  (1.2°K) 


Data  Taken 


H  =  30  kGauss 
T  =  4.2  °K 


[Ref.  19868] 
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NIOBIUM-TITANIUM 
CURRENT  DENSITY 


degradation  factors 

.COIL.  Cl 


SOLENOID 

PERFORMANCE 


Nb-TI  SOLENOID 
PERFORMANCE 


.COIL  A 

..COIL  81  -\  2  0 


COIL  Cl  \\ 


10  k  DEGRADATION  FACTORS  (Nb-Ti) 
cm i  ri 


\i  15 


/'  COILA^.  — 

0i  i  i.  c i _ i — i — i — i— — i  i.o 

10  20  30  40  50  60  TO  80  90  100 

Magnetic  field,  (kGauss) 


Characteristics  of  niobium-titanium  wires  wound  into  solenoids  4.250  in  long. 


Coll 

o.d. 

i.d. 

Turns 

A 

0.986  in. 

0.194  in. 

10878 

B1 

2.637 

1.105 

17763 

Cl 

5.261 

3.729 

21076 

Nb-56%  Ti 
Nb-61%  Ti 
Nb-25%  Zr 
(for  comparison) 


p  _  Ic  (short  wire) 

I  (coil) 
c 


[Ref.  194793 
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NIOBIUM- TITANIUM 


MAGNETIC  HYSTERESIS 


g  IOOO 
300  - 

N 

*H  ^  «  I 
4-»  *  O  1 
<U  ^ 

C  w 

M  500 

X  O 


Nb+3  0  AT  %  Tl 


1000  20 CO  3000  4000  6000  8000  10000 

Applied  field,  H  (Oe) 


Magnetization  for  niobium  +  3.0  at.%  titanium  wires.  Homogenized  by  passing  large  cur¬ 
rents  through  the  samples  at  <10-6  mm  Hg  vacuum  for  4  hours  at  1700°C. 

[Ref.  15459] 
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■ri  X  0 

<u  ^ 

C  W 
OO 


1000  2000  JOOO  4000  5000  6000  7000 

Applied  field,  H  (Oe) 

Magnetization  as  a  function  of  applied  field  for  a  niobium-10  at.%  titanium  alloy.  Data 


taken  at  3.56°K. 


a)  Rods,  1.2  cm  long,  0.6  cm  diameter 

b)  Powder,  45-60  y  particle  size 


[Ref.  10778] 
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NIOBIUM -TITANIUM  Temperature,  T  <°K> 

SPECIFIC  HEAT  C  3.16  4.47  5.48  6.32 


Specific  heat  for  single  phase,  hep,  Ti0.%Nb0>04  as  a  function  of  temperature. 

[Ref.  15532] 


Magnetic  and  Thermal  Data 


At .%  Ti 


Coefficient  of  electronic 
specific  heat,  y 

(J  mole-1  °K‘2) 


Debye  Temperature 
6  (°K) 


Atomic  susceptibility 
X  (Nb-Ti)  X  (Nb-Ti,  10°K) 

X  (Ti)  X  (Nb-Ti,  300°K) 


96 


4.3 


340  1.05 


0.92 


[Ref.  15532] 
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NIOBIUM-TITAKIUM 
ELECTRICAL  RESISTIVITY 


Electrical  resistivity  tor  the  niobium-titanium 

Data  taken  at  l.'2°K. 

Standard  sample  preparation. 

o  two  phase 
•  single  phase 

[Ref.  11924] 


Atomic  percent  titanium 
0  2Q  40  60  00  100 


Electrons/atom 


Electrical  resistivity  for  the  niobium 
titanium  system  as  a  function 
of  titanium  content. 


[Ref.  21728] 
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NIOBIUM-TITANIUM 
ELECTRICAL  RESISTIVITY 


0  200  400  600  800  1000  1200  1400 

Temperature,  T  (°K) 


Electrical  resistivity  for  a  niobium-titanium  alloy  with  less  than  ^5%  niobium.  The  sam¬ 
ples  were  arc -melted,  worked,  annealed  for  20  hours  at  100°C,  then  quenched. 

[Ref.  21728] 


Aging  temperature,  T  (°C) 


A  niobium-titanium  alloy  (79.3  at.%  Ti)  is  pre¬ 
pared  as  follows :  The  components  are  arc- 
melted  together,  machined,  slightly  rolled 
and  recrystallized  at  800°C.  The  sample 
then  undergoes  further  rolling  (80%)  and 
aging  at  the  temperature  shown  on  the 
graph.  p  is  the  resistivity 

prior  to  aging  and  p,  after 

b 

aging. 
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[Ref.  19868] 
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NIOBIUM-TITANIUM 
ELECTRICAL  RESISTIVITY 
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Resistance 
small  amount  of 


ratio  as 
defects. 


a 


function  of 


field  strength  for  highly  annealed  Nb  gTi  ^  with 


[Ref.  21841] 


Temperature,  T  (°K) 


Resistance  ininir  i  for  Nb  gTi  highly  annealed 

with  small  amount  of  defects.  R/R  is  rela- 

n 

live,  with  the  vertical  scale  corresponding 

to  R/R  =  0.0J.  The  discontinuity  in  the 
n 

constant  field  curves  corresponds  to  the 
X  point  of  liquid  helium,  =  2.1S°K. 


[Ref.  21841] 
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NIOBIUM  ALLOYS  AND  COMPOUNDS 


NIOBIUM-GALLIUM  AND  NIOBIUM-GERMANIUM  SYSTEMS 
GENERAL 


Nb-Ga  Niobium-gallium  in  the  8-tungsten  structure  shews  a  transition  tempera¬ 
ture  near  14°K.  None  of  the  other  Nb-Ga  compositions  give  any  indication  of  being  super¬ 
conductive.  The  data  given  in  this  section  also  show  the  effect  of  alloying  Nb^Ga  with 
germanium  and  tin. 


Nb-Ge  Three  compounds  are  formed  in  the  niobium-germanium  systems,  Nb  Ge  with  a 

■  /'  \  o 

3-tungsten  phase,  tetragonal  N^Ga^and  hexagonal  NbGe^.  i'he  exact  nature  of  the  eutectic 
points  and  decomposition  temperature  of  these  niobium  compounds  has  not  been  determined. 
Much  of  the  work  by  Carpenter  [Ref.  20020  and  20022]  has  helped,  but  explicit  phase  dia¬ 
gram  data  is  still  lacking. 


Carpenter  [Ref.  20022]  claims  that  the  solid  solution  range  of  Nb.Ge  ex- 

w 

cends  from  NbGeQ  ^  t  0,01  t0  ^^5Ge0.22  i  0  02  *“e’»  ^rom  13  to  18  atomic  percent  germa¬ 
nium.  The  lattice  constants  in  this  range  are  given. 


Of  the  three  structures,  the  6-tungsten  (Nb.Ge)  shows  the  highest  transi- 

o 

tion  temperature  in  the  5~7°K  range.  This  temperature  is  raised  markedly  by  the  addition 
of  other  elements,  such  as  tin  and  aluminum.  The  tetragonal  Nb5Ge3  compound  shows  no 
transition  temperature  above  1°K  even  with  the  addition  of  carbon  or  zirconium. 


[Ref.  12216] 
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Gallium  atomic  percent 


NIOBIUM-GALLIUM 

GENERAL 


20  40  60 


2000  \-  \#  L+o 


Phase  diagram  for  the 
niobium-gallium 
system. 

1  thermal  analysis  results 

2  two  phase  alloys 

3  single  phase  alloys 

[Ref.  21729] 
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Lattice  constant  of  Nb^Ga  as  a 

function  of  niobium  content. 
The  sample  was  prepared  by 
chemical  vapor  deposition 
method. 


[Ref.  21843] 
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NIOBIUM -GALLIUM 
TRANSIT  ION  TEMI’LRATURE 


Transition  temperatui'e  as  a  function  of  lattice  constant  for 
chemical  vapor-deposited  No^Ca. 


[Ref.  21843 
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NIOBIUM-GALLIUM-M 

LATTICE  CONSTANT  AND  TRANSITION  TEMPERATURE 

Lattice  Constant  and  Transition  Temperature 
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Lattice  Transition 

Constant  Temperature 


Formula 

Symmetry 

a 

o 

T 

c 

width 

Notes 

Ref. 

Nb,Ga 

O 

8-tungsten 

5.171  * **  .002  14. 

5 

Nb  powder  melted  w/Ga 
at  1200°C,  fused  in  He 
atm.  arc  furnace. 

14387 

NbgGa 

11 

13. 

2  4.6 

3  hours  at  180GeC 

13155 

NbgGa  5Ge  c 

tl 

5.175 

7. 

3 

Formed  at  1800^0 

13155 

Nb,GaRb 

D 

“ 

- 

9.2  - 

10.6 

prepared  by  HC1 
transparent 

21843 

NbgGaP 

~ 

“ 

9.3  - 

11.2 

prepared  by  HC1 
transparent 

21843 

Nb36akSl,l-* 

Gallium 

component 

X 

16 

a 

o 

hours,  1200°C 

T  *AT 

c  c 

3  hours,  1500°C 

a.  T  AT 

0  c  c 

13155 

1.00 

A 

+12 . 5~ 

1 . 6 

.8 

+13.1 

2.6 

.6 

tl4 , 0 

4.7 

5.230  14.6 

0.6 

.4 

5.287 

13.5 

3.3 

5.262  16.0 

0.7 

.3 

**5.272 

.2 

5.282 

17.8 

0.9 

5.2823  17.4 

0.7 

.1 

**5.274 

18.1 

0.9 

15. 3b 

l.u 

*  AT^  width  of  the  transition  region 
t  not  single  phase 

**  [Ref.  7888] 

a  after  1200°C  firing  the  sample  was  refired  for  7  hours  at  1500°C 
b  after  1200°C  firing  the  sample  was  refired  fcr  3  hours  at  1500°C 
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NIOBIUM-GALLIUM -M 

LATTICE  CONSTANT  AND  TRANSITION  TEMPERATURE 


Lattice  constant  and  transition  temperature  as  a 

function  of  x,  Nb„Ga  Sn,  .  Samples  sintered. 

3  x  1-x 

[Ref.  13155 J 


Gallium  component  x. 


NIOBIUM-GERMANIUM-M 

LATTICE  CONSTANT  AND  TRANSITION  TEMPERATURE 

Lattice  0  Transition 


Formula 

At  k  %  Gc 

Crystal- 

1 - „V.. 

constant 

a0 

(A) 

c 

0 

Temperature 
T„  (°K) 

Notes 

Ref. 

NbgGeg  +  C 

42.5 

Dbg 

7.6 

5.3 

<1.1 

— 

17475 

Nb2.5Zn2.5Ge3 

42.5 

— 

7.89 

5.43 

<1.1 

— 

it 

Nb3GS.5Ga.5 

12.5 

B-tungsten 

5.175 

— 

7.3 

Prepared  at  1800°C 

13155 

Nb„Ge  CA1  , 

0  .5  .3 

12.5 

B-tungsten 

5.175 

— 

12.6 

Pressed  6  sintered 

3  hours,  1500°C 

n 

Nb-Ge  cSn  c 

12.5 

B-tungsten 

5.236 

... 

12.6 

Arc-melted 

n 

Nb3Ge.5Sn.5 

12.5 

B-tungsten 

— 

-- 

11.3 

— 

107C4 
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TRANSITION  TEMPERATURE 


1483  *  15°C 


Stoichiometric  niobium  germanium  compounds  were 
formed  with  a  normal  composition  of  25-29%  Ge. 
(a)  shows  the  transition  when  the  samples  were 
arc-cast,  (b)  shows  the  same  samples  rapidly 
quenched  and  variously  annealed  up  to  1000°C, 
(c)  show  the  results  of  annealing  this  same 
sample  to  1100°C  for  three  days. 

[Ref.  21469] 


Temperature,  T  (°K) 


NIOBIUM-G/.hLIUM 
CURRENT  DENSITY 


Field  strength,  Hc  (kGauas) 


Current  density  as  a  function  of  field 
strength  for  cast  NbgGa  at  4.2°K. 

These  Jc  values  are  highly  depen¬ 
dent  upon  sample  preparation. 

[Ref.  10708] 
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NIOBIUM -GERMANIUM-SILICON 
THERMOELECTRIC  PROPERTIES 


Lattice 


Electrical 


Thermal 


Formula 

0 

constants  (A) 
ao  co 

resistivity 

(mfl-cm) 

25°C  -  196°C 

Seeback 
coefficient 
(U  V/C°) 

conductivity 

K  (watts/cm  °C) 
25°C 

Figure  of  merit 
(10'5  °C_1) 
25°C 

NbGe^* 

4.943 

6.778 

0.067 

0.031 

+  12 

0.31 

0.70 

NbGei.ssVs 

4.910 

6.730 

0.077 

0.063 

+  17 

0.19 

2.0 

NbGe1.0Si1.0 

4.885 

6.682 

0.081 

0.065 

+  22 

0.16 

3.7 

NbGe0.  ,Ji1.5 

4.834 

6.635 

0.060 

0.047 

+  20 

0.20 

3.3 

■“^.o 

4.803 

6.604 

0.098 

0.063 

+  19 

0.42 

0.9 

*  These  materials  have  a  C  40  type  structure 


[Ref.  20159] 
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Thermoelectric  properties  of  NbSi^  ^Ge^  q  as  a  function  of  temperature.  The  samples 
were  pressed  and  sintered. 


x  -  Resistivity  o  -  Seebeck  coefficient  ©-  Thermal  conductivity 
•  -  Figure  of  merit 


[Ref.  20159] 
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NIOBIUM  ALLOYS  AND  COMPOUNDS 
NIOBIUM-CHROMIUM  AND  NIOBIUM-IRON  SYSTEMS 
GENERAL 


Nb-Cr  Niobium  when  alloyed  with  chromium  shows  little  promise  as  superconduct¬ 
ing  material.  As  the  chromium  content  increases  the  transition  temperature  drops  linearly 
from  the  Tc  value  for  niobium  and  appears  to  reach  :tero  at  20  at.%  chromium. 

The  niobium- chromium  system  shows  only  one  compound,  NbCr0  with  a  cubic 
MgCUj  (C  15)  type  structure.  This  compound  exists  beyond  the  alloy  region  of  supercon¬ 
ductivity. 

Nb-Fe  Lattice  constants  are  given  for  only  intermetallic  phase  in  the  niobium- 

o  o 

iron  syc.em.  Wallbaum*  gives  aQ  =  4.830  (A)  and  co  =  7.882  A  for  NbFe2  (MgZn2  type 

structure) .  These  values  are  corroborated  by  Elliot*!  a  =  4.834  and  c  *  7.880. 

J  o  o 


Other  phases  are  reported  to  exist  in  this  binary  system  but  they  are 
stable  only  at  high  temperatures  and  lattice  constants  are  not  ava.llable. 

*  Wallbaum.  d.J.,  Z.  KRIST.,  v.  103,  1941.  p.  391-402. 

+  Elliot,  R.F  ,  Armour  Research  Foundation,  Chicago.  TR1  0SR  Technical  note  OSR-TN-247, 
August  1964.  p.  IS, 
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NIOBIUH-CHROMIUM 

GENERAL 


Phase  diagram  for  niobium-chromium  system.  NbCr2  ranges  from  64-70  at.%  chromium. 

o  measured  melting  points 
•  identified  alloys 

[Ref.  19469] 


JIOBIUM-CHROMIUM 

GENERAL 


Formula 

Lattice  Constants 

0 

Lattice  constant  (A) 
a 

o 

Ref. 

Nb  t  NbCr2 

7,001 

19469 

NbCr2 

6.98b 

Hansen 

NbCr  *  Cr 

6,981 

19469 
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NIOBIUM-CHROMIUM 
TRANSITION  TEMPERATURE 


Transition  temperature  of 
niobium -chromium  samples, 
arc. -melted  and  unannealed. 

[Ref.  12S83] 
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Atomic  ratio 
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Transition  temperature  of  niobium 
chromium  systems,  arc  Belted  and 
unannealed .  ! 


[Ref.  10778] 
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NIOBIUM  ALLOYS  AND  COMPOUNDS 
NIOBIUM-ARSENIC  AND  NIOEIUM-SEIENIUK  SYSTEM 
GENERAL 


Nb-As  Although  niobium  and  arsenic  form  "mono"  and  "di"  arsenides,  neither  shows 
superconductivity.  The  only  data  given  here  are  for  the  lattice  constants  and  magnetic 
susceptibility. 


Nb-Se  The  niobium,  selenium  system  in  the  niobium  rich  region  shows  no  evidence  of 
being  superconducting  above  4.2°K  [Ref.  13150].  In  the  NbSe1  Q0  -  NbSe2  2&  region  there 
is  an  indication  that  a  transition  temperature  exists  near  4.2°K.  Single  crystals  of  the 
system  in  this  range,  prepared  by  a  vapor  transport  method,  show  a  nominal  NbSe2  composi¬ 
tion  and  have  a  T  of  4.2°K. 

c 

This  system  forms  into  layer  type  crystals  with  various  polytypes,  The 
lattice  constants  and  transition  temperature  are  given  for  some  compounds. 


NIOBIUM-ARSENIC 

GENERAL 


Compound 


^VTTiiTiC  'Cay 


Lattice  constants  (A) 


NBAs 

50 

tetragonal 

2.45  *  .001 

11.65 

*  0.02 

* 

NbAs2 

67 

monoclinic 

9.365  *  0.02 

3.38  *  0.01  7.809 

*  0.02 

119°26 1  - 

Ref. 

Saint,  G.S. 

,  et  al.  CAN.  J. 

CHEM. ,  v.  42, 

p.  630,  1964.  * 

single 

crystal 

NIOBIUM-SELENIUM 

GENERAL 

c. 

Lattice  constant  (A) 
a  c 

Formula  o _ o 


a-HbSe2 

8-NbSe2 


3.449  12.998 

3.439  25.188 


[Ref.  21796] 


AIR  FORCE  MATERIALS  LABORATORY 

RESEARCH  AND  TECHNOLOGY  OIVIRION 
AIR  FORCE  IYITIMI  COMMAND 


e  [L(llOT(^O(^]0(g 

I  0^d@(^[i^^T0©G^ 

c  nr^QiTd^ 


PRlRARIO  »Y  ELECTRONIC.  PROFIRTIE*  INFORMATION  CENTER  .  HUGHE*  AIRCHAFT  COMPANY,  CULVER  CITY,  CALIFORNIA 


NIOBIUM-SELENIUM 


TRANSITION  TEMPERATURE 


Transition  curve  for  NbSe2  from  resonance 
coil  measurements.  Nb  and  Se  powders 
were  sealed  in  evacuated  ampules  and 
sintered  for  72  hours  at  600-800°C. 

[Ref.  13150] 
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NIOBIUM-SELENIUM 
CURRENT  DENSITY 


Temperature,  T  (°K) 


0  1  2  3  4  5  6 

Field,  H  (KGauss) 


Critical  current  density  for  two  NbSe^  crystals 


•  width  to  thickness  ratio  =  9 
o  =  w/t  --  15 

(a)  HI  c-axis 

(b)  H  II  c-axis 
•f  =  4.2°K 

J  II  s-axis 


[Ref.  18755] 


NIOBIUM-SELENIUM 


CURRENT  DENSITY 


Critical  current  density  for  a  NbSe2  crystal 


with  different  leads. 


A  Cu  leads;  indium  soldered 
o  Ni  leads;  spot  welded 

(a)  H]_c-axis 

(b)  H  II  c-axis 
T  =  4.2°K 

w/t  =  9 
J  ||  a-axis 


l  I  ’  * 
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rH  'o 

(fl  H  " 

O  w 
•H 
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X  o.i  — I — > — I — I — I — I — lJ 
w  0  t  2  .  S  4  S  •  7 


Field  H,  (kGauss) 


[Ref.  18755] 
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Critical  current  density  for  two  NbSe2  Crystals. 


•  =  w/t  =  9 

o  =  w/t  =  15 
T  =  4 . 2°K 


0  20  40  60  80  100  120  140 

Field  orientation,  €>  (degrees) 


a)  H  =  1.4  kGauss 

b)  H  =  7.25  kGauss 


[Ref.  18755] 
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NIOBIUM-ARSENIC 


MAGNETIC  SUSCEPTIBILITY 


r-  -030 
a 

41 

U  -0.40 


O— -NbAs 
rj-NM., 


%  ”0'M 
m  -0.70 


ioo  ?00  300  400  300  AGO  TOO  boo 

Temperature ,  T  (°K) 


Magnetic  susceptibility  for  niobium  antimonides  and  arsenides  as  a  function  of  tem¬ 
perature.  The  antimonides  were  prepared  by  heating  niobium  and  antimony  at  1Q005C  for  2 
days,  800°C  for  14  days  and  quenching  in  water.  The  arsenides  were  prepared  by  heating 
niobium  and  arsenic  at  1000°C  for  2  days,  720°C  for  14  days  and  quenching  in  water. 


[Ref,  217971 
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NIOBIUM-SELENIUM 
MAGNETIC  SUSCEPTIBILITY 


IOO  200  300  400  300  600  700  600 

Temperature,  T  (°K) 


Magnetic  susceptibility  for  various  niobium  seienides  and  tellurides.  The  ;e  values  have 

not  been  corrected  for  induced  diamagnetism. 

[Ref.  21738 ] 


Reciprocal  of  the  corrected  magnetic  susceptibility  for  NbSe^  as  a  function  of  temperature 


[Ref.  21738 j 
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NIOBIUM- SELENIUM 
SEMICONDUCTING  PROPERTIES 


Electrical 
Resistivity 
p  (mfl-cm) 

Mobility 

V 

(cm^/V  sec) 

Seebeck  coefficient 

S  (wV/oC) 

Hall  coefficient 

R  x  10“4  (cm  /coul)  Notes 

Ref. 

HbSa 

5 

-- 

2.7 

— 

100°C 

13958 

NbCe^ 

0.18 

— 

-- 

— 

-196°C 

21796* 

0.35 

— 

— 

— 

25°C 

ii 

— 

— 

-12.0 

— 

Polycrystalline  " 

25°  -  130°C 

.5 

— 

-  1.4 

— 

100°C 

13958 

.44 

-- 

-  6.9 

— 

150°  max 

n 

.56 

-  0.2 

600°C 

n 

2.04 

<10** 

~5 

<20 

Stoich , 
300°K 

15399 

— 

8+  ' 

— 

— 

300°K 

13958 

**  Thermal  conductivity. 

K  «  0.021  w/°C-cm.  Figure  of  merit,  Z  = 

1.96 

m"5  -1 

X  10  cm 

*  n  =  3  x  1021/cm^ 
21  3 

t  n  =  2  x  10  /cm 


146 


All  POSCS  KATEUALS  LABOSATOSY 

MIKANCH  AND  TlCNNOLOOY  OlVI*ION 
Ain  POflCS  IYITEMS  COMMAND 


P  [LtlSVe^OG^tKS 

c 


rRjFARIO  »Y  CLFCTRONIC  r*^|*TI||  INFORMATION  CINT1R  «  M  UOHII  AIRCRAFT  COMPANY.  CULV1R  CITY.  CALIFORNIA 


NIOBIUM-SELENIUM 
SEMICONDUCTING  PROPERTIES 
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Seebeck  coefficient  for  the  niobium  selenium  system  with  61-65  wt.%  Se.  Data  taker,  at 
300°K,  sample  sintered  16  hours  at  900°C.  The  dashed  line  represents  stoichiometric 

ratio'  [Ref.  15399] 
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Electrical  resistivity  for  the  niobium  selenium  system  with  61  65  wt.%  Se.  Data  taken  at 
300°K,  sample  sintered  16  hours  at  900°C.  The  dashed  line  represents  stoichiometric  ratio 

[Ref.  15399] 
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NIOBIUM  ALLOYS  AND  COMPOUNDS 
NIOBIUM-MOLYBDENUM,  NIOBIUM-TECHNETIUM,  AND  NIOBIUM-RUTHENIUM  SYSTEMS 
CENERAL 


Nb-Mo  In  a  1961  article  by  Hulm  and  Blaugher  [Ref.  12583]  the  transition 
temperature  of  the  niobium-molybder.'im  system  was  extrapolated  to  zero  near  40  at.%  Mo. 
Since  then,  work  by  Hein  ot  al  [Ref.  14469]  in  1964  has  shown  that  T  reaches  a  minimum 
of  0.016°K  at  70  at.%  Mo  and  then  rises  to  1°K  for  pure  molybdenum.  The  niobium- 
molybdenum  system  shows  only  the  bcc  crystal  phase . 


Nb-Tc  The  only  transition  temperature  available  for  the  niobium  technetium 
system  is  given  for  NbTc3,  Tc  *  10.5°K,  the  lattice  constant,  aQ  =  9.625*0.002  [Ref. 
12711].  The  other  data  given  are  for  magnetic  susceptibility. 


Nb-Ru  The  niobium-ruthenium  system  is  body  centered  cubic  up  to  40  at.% 
ruthenium,  takes  on  a  body  centered  tetragonal  to  about  55%  and  remains  hexagonal  close 
packed  to  nan-alloyed  ruthenium.  The  transition  tempera^  e  does  not  follow  this  change 
in  phase.  At  7.5%  Ru,  Tc  *  4.20°K,  falls  to  <1°K  at  20%,  and  reappears  again  at  40%, 
thus  Ignoring  the  cubic  structure, 
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NIOBIUM-MOLYBDENUM 

GENERAL 

Lattice  constants  for  niobium-molybdenum 
sy stax  as  a  function  of  molybdenum  content, 

[Ref.  19469] 

•  ThJ  s  Kof . 

o  Buckle* 

X  Eremenko 1 


*  Buckle,  H.  METALEFORbCHUNG,  v.  1,  no.  53,  1946. 

t  ^ 

Eremenko,  V.  N.  UKRA1N .  KHEM.  ZHUR.,  v.  20, 

no.  227,  1954. 
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NIOBIUM-MOLYBDENUM 
TRANSITION  TEMPERATURE 
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The  values  plotted  here  represent  the  midpoints 
of  the  transition  region  for  these  alloys.  Mo 
and  Nb0 ^hoo.y  samples  were  eHctron-beam  refined, 
all  other  samples  are  from  electron-beam  refined 
Mo  and  Nb,  individually  melted. 

[Ref.  14469] 
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At.%  Mo  Value  (°K)  Sample  Ref, 

T 

c 


(  1 

0 

9.17 

_ 

1 

15259  U 

10 

5.3 

- 

7686  i  , 

25 

3.4 

- 

ii 

38 

.76 

- 

40 

.50 

- 

Ii 

40 

.  01. 

Arc  melted 

15259 

42 

.31 

- 

7686  1; 

43 

.181 

- 

20520 

44 

.158 

- 

r 

45 

.148 

- 

[, 

48 

.108 

- 

t  > 

60 

<.05 

Arc  melted 

15259  j J 

60 

<.03 

Formed  from  electron-beam 

zone -re fined,  elements. 

14469 

L-J 

70 

.016 

Electron  zone-refined  aft^r 

forming. 

j) 

80 

^.04 

Formed  from  electron  zone- 

refined  elements. 

(  ; 

90 

^.28 

- 

i.  - 

ICO 

.945 

Electron  zone-refined  after 

forming. 
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NIOBIUM-MOLYBDENUM 
TRANSITION  TEMPERATURE 
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Transition  temperature  of  (Nb--Mo)  and 
(Nb-Mo)  0dFe  as  a  function  of  molybdenum 

V  t  » 5  U i vi 

[Ref.  11937] 
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NIOBIUM-RUTHENIUM 


Nb  40%  Ru 
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NIOBIUM-RUTHENIUM 


TRANSITION  TEMPERATURE 

Lattice  Constant  and  Transition  Temperature 


.%  Ru 

Symmetry 

Lattice 
a0  (ft) 

Constant 
c0  (A) 

Transition 

Temperature 

To  (°K> 

Notes 

Ref. 

0 

be 

c 

3.301 

21255 

7.5 

- 

- 

4.20 

- 

15512 

10 

- 

- 

2.8 

- 

IT 

20 

3.230 

- 

- 

,  - 

21255 

tt 

- 

- 

<1 

- 

15512 

30 

3.200 

- 

- 

- 

21255 

n 

i 

- 

- 

<1 

- 

15512 

40 

be 

.t 

- 

- 

1.2  *  2.2 

- 

II 

ii 

3.147 

3.218 

- 

- 

212 

u5 

55 

2.978 

3.378 

- 

~ 

IT 

60 

- 

2.5  6. 

,3  electrons/atom 

9686 

71 

p 

hep 

o  nc  «o 

4-  •  /  \J£. 

It  MOO 

1  ''VA 

- 

- 

212 

55 

75 

Y 

hep 

2.750 

4.418 

- 

- 

80 

6  hep 

2.747 

4.389 

- 

- 

100 

•  1 

2,706 

4.282 

- 

- 
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NIOBIUM-MOLYBDENUM 
CRITICAL  CURRENT 


Critical  current  for  a  niobium- 
molybdenum  alloy  (1%  molybdenum) 
arc-melted  ae  a  function  of  a  trans 
verse  applied  field. 


[Ref.  10778] 


NIOBIUM-  MOLYBDENUM 
SPECIFIC  HEAT 


Temperature  T,  (°K) 


Heat  capacity  for  niobium  and 
niobium-molybdenum  alloy.  Tc  marks 
the  change  in  slope  of  these  curves. 


[Ref.  7686] 


NIOBIUM-MOLYBDENUM 


SPECIFIC  HEAT 


Heat  capacity  for  a  niobium-molybdenum 
alloy  (NbQ  4QMo0  arc-melted  and 
annealed  '10  hours  at  2000°C  in  10  'mm 


Hg  vacuum . 


[Ref.  15259] 


Temperature  T,(1K) 

2.0  3.0  4.0 

t  rrr  t~i  ~t~t  n 

Nb0.40M00.*0 


I  2  3  4  3  6  7  8  9  10  M  12  13 14  IS  16  17  18 
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Temperature,  T  (°K  ) 


Debye  Temperature  and  Specific  Heat 


At%  Mo 


Debye  Temperature 

0  (°K) _ 

Measuring  Temperature  (°K) 
<9.5  >9.5  1.0-4. 2 


Coifficient  of  Electronic  Specific  Heat 

_ y  (10-4  j/mole  °K2) _ ___ 

Measuring  Temperature  (°K) 

<9.5  >9.5  1.0-4. 2 
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NIOBIUM-RUTHENIUM 


SELCiriC  HEAT 

Nb  40%  Mg 


The  expression  M0)V  is  calculated  from 
Y 

Y  and  T  in  the  following  expression: 

kTc  =  1.4  ^hu>e"1/N(0)V; 

^hw^  is  assumed  to  be  3/4  k9^,  6  Is  the 
Debye  temperature.  If  Tc  is  extrapolated 
linearly  to  zero,  then  the  dotted  lina 
would  hold.  Tc  is  calculated. 

[Ref.  15512] 


Coafficient  of  electronic  specific  heat 

for  the  niobium-ruthenium  system.  Samples 

were  electron-beam  melted  in  high  vacuum 

and  annealed  at  high  temperature  below 
-8 

10  mm  Hg. 

[Ref.  15512] 


Nb  40%Rg 
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NIOBIUM-RUTHENIUM 
SPECIFIC  HEAT 


Measured  and  calculated  values  used  in  the  graphs  on  page  156. 

H(P)v 

At .%  Ru  y  6(°K)  Tc  y 


(10  cal/mole  °K  ) 


e(«K) 

(•v4°K) 


( °R)  (cal/mole  °K^)~^ 

4.20  21C  15512 


7.5 

(11.7) 

(290) 

4.20 

21C 

10.0 

9.7  *  0.3 

304  *  10 

2.L 

22e 

20.0 

4.54  *  0.1 

330  *  10 

<1 

- 

30.0 

3.98  *  0.04 

372  *  .10 

<1 

- 

36,0 

4.45  *  0.1 

405  *  15 

- 

- 

40.0 

(4.5) 

(410) 

1.2  *  2.2 

415 

NIOBIUM-MOLYBDENUM 
ELECTRICAL.  RESISTIVITY 


g  'b  j  I 

U  V  20  +“*♦■->. — ..  _| 

*— I  cc  -  +>  ' 

f0  a.  i  . 

0  I - j - 1 - 1 _ J _ -Hd 

o  Nb  20  40  $0  00  Mi 

i — I 

Molybdenum  weight  percent 

Electrical  resistivity  in  The  niobium-molybdenum  system, 
stanuard  sample  preparation. 


[Ref.  2179b] 
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NIOBIUM-MOLYBDENUM 
ELECTRICAL  RESISTIVITY 


Molybdenum  content  % 


Electrical  resistivity  for  the  niobium-molybdenum  system  at  20°C. 


[Ref.  21567] 


Atomic  percent  molybdenum 

A.i  is  the  change  in  resistivity  in  Nb-Mo  system  with  iron  and  ruthenium  added. 


4P  :  P 


tp'77/P' 

“T~ 


300  ~  P77/P300 


pV77 "f' 300 


3 


(where  p'  and  p  are  the  resistivities  with  and  without  additional  components  respectively. 

_  1 . 0%  iron 

-  -  1,0%  ruthenium 


[Ref.  16140] 


158 


AIK  TOWS  MANUALS  LABORATORY 

RIIIAACh  ANO  TICHNOLOOY  DIVISION 
AIR  IOACI  IYITKMI  COMMAND 


m  U«SirG3©IRJ)0(S 

p  o^oe^sm’os® 

C  [glftOTBPS 


PMirANIO  »V  ILICTAONIC  rAOPIATII#  IN'OAHATION  CINTCN  •  H  UGHII  AIRCRAFT  COMRANT.  CULVIR  CITY.  CALIFt-RNIA 


159 


AIR  PORCK  MATERIALS  LABORAtuRT 

riikascm  and  trchnoloov  division 
AIH  rosci  lYITIMl  COMMAND 


■  !LOi(ST(^(S)[^}0(S 

p  I^OPHPJTO®® 

I  lr^(F@l^(r^)^T0©0^ 
C  HO^TSl^ 


PRIFAREO  *Y  LLACTRONIC  PROPERTIES  INFORMATION  CENTER 

■■nNHHMBHHHMMMHHHnHHMni 

NIOBIUM-MOLYBDENUM 
MAGNETIC  SUSCEPTIBILITY 

Susceptibility  for  Nb,  Mo,  and  three 
Nb-Mo  alloys. 

Orbital  susceptibility 

^orb  emu/mole) 


a)  Nb  0.980 

b)  Nb  Mo  0.980 

«> 

d)  "».2s"°.75  °'521 

e)  Mo  0.544 


[Ref.  19617] 

NIOBIUM-MOLYBDENUM  AND  NIOBIUM-TECHNETIUM 


HUOHM  AIRCRAFT  COMPANY.  CULVER  CITY.  CALIFORNIA 


OB 


U.— .....  ,  I _ _ _ I 

0  500  1000  1500 

Temperature,  T  (*10 


MAGNETIC  SUSCEPTIBILITY 


Atomic  percent  molybdenum 

0  100.0 

Atomic  percent  technetium 


Susceptibility  of  niobium-technetium 
and  niobium-molybdenum  systems.  NbTc 
samples  were  arc-melted  in  argon, 
homogenized  1  week  at  1050°C  and  heat 
treated  1  week  at  700°C.  Nb-Re  data 
are  given  for  comparison. 


[Ref,  19617] 
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Electrons/atom 
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N10B1UM-TLCHNET1UM  -S  g 

MAGNETIC  SUSCEPTIBILITY  3  "5  *03f - 

4->  bO 

%'S  ju^ 

I g  ioo 

MU)  . _ 

,  !  - ---4 1H_,_ _ _ 

O  O 
>H  rH 
4-*  w 

ft)  A _  ^  -  1  -  -A  __  .  A  _  J 

&  *  °0  100  20?  300 

<n 

*•  Temperature ,  T  (°K) 

Temperature  dependence  of  the  susceptibility  of  three  Nb-Tc  alloys.  The  samples  were 
arc-melted  in  argon,  homogenized  1  week  at  1050°C  ar.d  heat  triated  1  week  at  70Q°C, 


[Ref.  19617] 


1) 

Nb 

15TC.85 

2) 

Nb 

Tc 

70  .30 

3) 

Nb 

Tc 

50  .50 

At. %  Tc 


Lattice  Constant  and  Magnetic  Susceptibility 
„  X 


Symmetry 


(10-5  emu/g.at) 

(25^) 


Lattice  constant  (.A) 

a  c 


204  .4 

lo;  Q 

191.7 
150.6 
108.9 

73.4 

63.3 

91.7 

136.5 

114.8 
138.3 

120.8 
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NIOBIUM-RUTHENIUM 
MAGNETIC  SUSCEPTIBILITY 


Magnetic  Susceptibility 


Vaiw 

At .%  Ru 

Notes 

Ref . 

Xtot* 

176  x  10  C  emu/g.at- 

10 

5.3  electrons/atom, 

14464 

-6 

A  2  type /structure. 

Xadd 

140  x  10  emu/g.at. 

•  ! 

n  ii 

II 

X 

60  x  10  f’  cm'Vg 

60 

6.8  electrons/atom, 
sample  cooled  from 

9686 

1300°C. 

xat 

5900  x  10  cm  /mole 

ti 

II  »! 

it 

*  xtot 

_xion  +  xpauli  +XL.P.  +  xadd 

is  taken  as  the  sum  of  the  various  susceptibility  contributions .  The  authors 
state  that  Xad(j  probably  due  to  the  orbital  paramagnetism. 


NIOBIUM-MOLYBDENUM 
PHONON  DISPERSION 


The  A,  branch  of  the  measured  phonon  1/5 
1  cx 

dispersion  curves  of  Mof  Nb  and  *  u 

CN 

two  Nb-Mo  alloys.  The  neutron  Ho 

•H 

scattering  measurements  were  made  ~ 

at  30C°K.  c 

[Ref.  21842]  g- 


0  0.1  O.Z  0.3  O.-t  C.5  Oi  0.7  OJi  G.9  1.0 

Reduced  wave  vector  cooridnata  C 
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NIOBIUM-RHODIUM  AND  NIOBIUM-PALLADIUM 
GENERAL 


Nb-Rh  The  niobium-rhodium  system  is  very  complicated ,  showing  nine  different 
phases.  The  tetragonal  (40%  I.h)  has  the  highest  transition  temperature  uhile 

6-tungsten,  Nb  Rh,  has  a  T  of  only  ,''2.!50K.  Zegler  [Ref.  .18750]  has  alloyed 

o  C 

with  other  elements;  t’'e  lattice  constants  and  transition  temperatures  f.r  these 
ternary  alloys  are  given. 

Nb-Pd  The  niobium-palladium  system  has  a  transition  temp "rature  ~f 
2°K  at  a  composition  of  40  at.%  palladium.  The  only  other  niobiuaD-pallaciuai  — »:« 
available  were  in  the  palladium-rich  iegion.  The  following  values  are  " -ce*  frae 
this  Zwingman  paper  [Ref.  21799]. 


Properly 

Symbol 

Value 

Change  in  resistivity 

Ap/a* 

2.98 

UZ  -c»/*i  K 

Change  in  theimiolectric 
effect 

At  /a 

YU. 6 

(i.V/°C-*t  .1,1 

Change  in  temperature 
coefficient  of  resis¬ 
tivity 

Aa/a 

-1.35 

(lo’3/°C-at . 

*  a  is  atomic  percent  niobium 

The  coefficient  of  electronic  specific  heat  and  Debye  temperature  are 
given  for  40  at,%  palladium:  y=7.13*0.08  x  lO-4  cal/°K2  mole;  and  0=333‘6°K  [Ref.  15323], 
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NIOBIUM-PALLADIUM 
TRANSITION  TEMPERATURE 


Transition  Temperature 
Transition  Temperature 


(  At . %  Pd 

T  (°K) 
c 

T* 

Symmetry 

Notes 

Ref 

t 

j  40 

1.7 

_ 

a-Mn 

_ 

15323 

it 

2.04 

0.1 

If 

Cooled  from  1000°C 

7.00  electrons/atom. 

968b 

it 

2.47 

0.4 

1) 

Cooled  from  melting 
point,  7.00  electrons/ 

it 

atom. 


*  AT  is  w^’-h  width  of  the  transition  region. 


Nb  Pd,  25%  Pd,  Cu„Au  type,  A  =  4.207  A,  sample  prepared  by  HC1  transport  method, 
o  o  o 

[Ref.  21843] 
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NIOBIUM-RHODIUM-M 
TRANSITION  TEMPERATURE 

Lattice  Constants  and  Transition  Temperature;  Nb3RhjL_xMx 


Latticg  constant 


ao  A 


Transition  Temperature 
T_ 


Co 

.02 

5.132 

2.28 

.05 

5.135 

1.96 

.10 

5.1347 

1.90  + 

Ru 

.02 

5.132 

2.42 

.05 

5.135 

2.42 

.10 

5.1346 

2.44  + 

Pd 

.02 

5.133 

2.50 

.05 

5.134 

2.49 

.10 

5.1345 

2.55  + 

+  three  phase  alloys 


L  Ref .  18750] 
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I  NIOBIUM-RHODIUM-M 

TRANSITION  TEMPERATURE 

1 

Lattice  Constants  and  Transition  Temperatures 
(Continued) 

M 

X 

Lattice  constant 

a  X 
o 

Transition  Temperature 

T 

c 

Os 

.02 

5.134  . 

2.42 

.05 

5.132 

2.39 

.10 

5.1302 

2.30 

1 

i 

■ 

.30 

5.1315 

<  1.7 

.50 

5.1334 

<  1.7 

l- 

.70 

5.1345 

<  1.7 

.90 

5.1354 

<  1.7 

1' 

Ir 

.02 

5.131 

2.43 

l* 

i 

.05 

5.132 

2.38 

' 

> 

•  10 

5.1329 

<  1.7 

.30 

5.1340 

<  1.7 

u 

*  IjO 

5.1349 

<  1.7 

.70 

5.1349 

<  1.7 

j 

.90 

5.1345 

<  1.7 

u 

Pt 

.02 

5.132 

2.52 

! 

.05 

5.133 

2.53 

.10 

C  ]  OOi 

o  o 

4.  • 

.30 

5.1395 

5.1 

.50 

5.1450 

6.25 

.70 

5.1487 

7.4 

.90 

5.1534 

7.9 

.95 

5.160 

8.3 

.98 

5.157 

9.6 

i 

Au 

.02 

5.133 

2.53 

.05 

5.137 

2.52 

.10 

5.1412 

2.70 

.30 

5.1573 

4.6 

1 

.50 

5.1688 

6.6 

■  I 

.70 

5.1827 

9.5 

! 

.90 

5.1960 

10.8 

.95 

5.200 

11.0 

.98 

5.203 

10.9 

i 

| 

[Ref. 

18750] 
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NIOBIUM-RHODIUM  AND  NIOBIUM-PALLADIUM 
MAGNETIC  SUSCEPTIBILITY 


Magnetic  Susceptibility 


System  Xtot*(10~f> 

emu/g.at) 

Xadd(10"6 

emu/g.at) 

X+(10-6 

cm3/g) 

xat^l0~ 
cm3/g ) 

6  XQo-6)* 

Symmetry 

Nb.60Rh.40  79 

49 

82 

7900 

810 

°»  D6b 

Nb.60Pd.40  50 

29 

60 

S0C0 

520 

a-Mn 

*  Xtot=xion  +  XPauli  + 

XL. ?.  +  Xadd 

[Ref. 

14464] 

L.T.  (Landau-Peierls )  electronic  specific  hea*  contribution 
Nb.60Rb.40  co^-Le^  from  1000°C  and  Nb  g^Fd  cooled  from  the  melting  point  [Ref,  968b] 
**  Volume  susceptibility,  300°K 


NIOBIUM  ALLOYS  AND  COMPOUNDS 
NIOBIUM- INDIUM  SYSTLM 
GENERAL 


Niobium  and  indium  (Nb^In)  show  the  6-turijsten  structure  under  high  pressure,  40- 
70  kbars,  and  at  an  optimum  temperature  of  1’00°C.  The  lattice  constant  for  this 
material  is  given  by  Banus  et  al  [Kef.  12280]  as  5.303  ‘  0.003  X  and  the  transition 
temperature  is  given  as  9.2°K. 


Temperature,  T  (°C) 


Pressure-temperature  phase  diagram 
for  Nb3ln. 

□  B-tungsten 

c  bcc 

[Ref.  17303] 
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NIOBIUM- INDIUM 
TRANSITION  TEMPERATURE 


Transition  curve  for  8-turssten  Nb  In  formed  urder  high  pressure  conditions. 

[Ref.  12280] 


N 1 0 IU  UM  - 1 N  LU  UK  -  T  i  N 


TRANSITION  TEMPERATURE 


Valence  electrons  per  atom 


Transition  temperature  as  a  function  of  indium  content,  NbglrijjSn^^ 

•  Sintered  once 
o  Sintered  twice 

[Ref.  10749] 
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NIOBIUM- INDIUM -TIN 
TRANSITION  TEMPERATURE 


Transition  curves  for  A- tungsten  Nb^In  Sn^_x 
sintered  6  hours  at  1200°C: 


sintered  once 
sintered  twice 


[Ref.  10749] 


NIOBIUM-INDIUM- M 
TRANSITION  TLMIERATtlRE 


Compound 


Transition  Temperature 

T  O  1/ 

t  4\ 

C 


Notes 


Ref. 


Nb„In  ,Zr  , 
3  0 . 5  0.5 


Nb,  InSb 

D 


Nb, InAs 
b 


6.4 

4. 2- 6. 2 

7. 2- 7,4 


samples  prepared  by 
HOI  transport  method 


10784 

21843 


I. 
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All  POICE  NATEliALS  LABOiATQfiY 

fttttARCM  AND  TtCHNOLOOY  DIVISION 
AIR  FORCi  I  Y  IT|M|  COM  NAN  2 


f 

r 

[L 

mmc 

E  LS(SV^(Q)[f^0(g 
P  ^©Pffl^TTDE® 

I  fi^P©P3fi^fl^roe)liWI 
C  EGOTISM 


KI0B1UM  ALLOYS  AND  COMPOUNDS 

NIOBIUM-ANTIMONY  AND  NIOBIUM-TELLURIUM  SYSTEMS 

GENERAL 


Nb-Sb  Niobium  antimcnide  (Nb^Sb)  has  a  predominant  6-tungsten  crystalline 
phase,  with  small  amount  of  other  phases  present  and  shows  no  Tc>1.02°K  [Ref.  14387]. 
These  other  phases  finally  disappear  and  Tc  rises  when  the  antimony  is  replaced  with 
an  allowing  agent  such  as  tin.  Nb^SL^Sn^  ^  shows  a  single  phase  B-tungsten  structure. 


Nb-Ie  The  niobium  tellurium  system  does  not  show  a  transition  temperature. 
The  data  arc  given  for  this  system  as  an  r.  type  semiconductor. 


NIOBIUM-ANTIMONY 

GENERAL 


L?t t ice  Constant 


Formula 

At.%  Sb 

Crystal¬ 

lography 

Lat lice 

a 

o 

Constants 

b 

o 

O 

(A) 

c 

o 

6 

Ref. 

Nb3Sb 

25 

B-tungsten 

5.263 

- 

- 

- 

19559 

NbSb2 

07 

monoclinic 

10.239 

3.6319  6 

.333 

120.07° 

- 

*  Furuseth, 

Sigrid  6 

Arne  Kjekshus,  ACTA  CRYST., 

v.  18,  p. 

320, 

1965. 
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NIOBIUM- ANTIMONY  -M 
TRANSITION  TEMPERATURE 

Lattice  Constant  and  Transition  Temper ature 

Transition 


Formula 

Lattice 

a0 

Constant  (8) 

Co 

Temperature 
Tc  °K 

NbgSb 

5.263 

- 

<1.02* 

Nb3lb>.7Al<i3 

- 

- 

<4.2 

NbgSb^Al  - 

- 

- 

7.7 

Nb3Al 

5.183 

- 

15.7 

Nb3rb>gSn 

5.267 

- 

- 

Nb3sb'\,.8Sn%.2 

- 

- 

0 

NbgSb  gSn  g 

5.270 

- 

- 

Nb3Sb.75Sn.25 

5.268 

- 

<5.0 

Nb3£b.7Sl‘.3 

5.270 

- 

6.0 

Nb„Sb  ,rSn 

v">  .UJ  *  O ^ 

5.268 

- 

10.5 

Nb3Sb.6Sn.4 

n 

- 

12.4 

Nb3Sb.4Sn.6 

5.273 

- 

15.8 

tl 

- 

- 

12.0 

Nb3Sb.2b".8 

5.283 

- 

18.0 

Nb,Sn 

o 

*  [Ref.  14387] 

5.292 

it 

19559 


13155 

Powders,  16  hrs.  1200°C  19614 

13155 


Powders,  16  hrs.  1200°C  19614 

13155 

^  If 
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AIR  FORCE  MATERIALS  LABORATORY 
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C 


PHII*ARID  BY  ILECTRONic  MaA|fLT!l$  j Mf ORM A T ! ON  CSMTSR 


CwLVSfT  CiTV.  CALirOSniA 


NIOBIUM- ANTIMONY-TIN 

transition  temperature 


Lattice  constants  and  transition  temperature 
for  NbgSbxSn^_x  as  a  function  of  composition 
Powdered  samples  were  fired  at  1200°C  for  66 
hours. 


r 

4-» 

C 


Antimony  constituent  x 

[Ref.  13155] 


Valence  electrons  per  atom 


Transition  temperature  of  Nb3SbxSnj_x 
as  a  function  of  antimony  constituent, 
pcwder  pressed  to  8  tons/cm^  sintered 
6  hours  at  1200°C. 

o)  inductive  measurement 
*)  resistive  measurement 

[Ref,  15343] 
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NIOBIUM-ANTIMONY-TIN 
TRANSITION  TEMPERATURE 

Transition  curves  of  Nb3SbKSni  as  a 
function  of  the  temperature  with  dif¬ 
ferent  amounts  of  antimony. 


NIOBIUM-ANTIMONY 
MAGNETIC  SUSCEPTIBILITY 


[Ref.  1S343.I 


Temperature,  T  (°K) 


Magnetic  susceptibility  for  riobium  antimonides  and  arsenides  as  a  function  of  tempera¬ 
ture.  The  antimonides  were  prepared  by  heating  niobium  and  antimory  at  iOOC°C  for  2 
days,  80C3C  for  14  days  and  quenching  iri  water.  The  arsenides  were  prepared  by  heating 
niobium  and  arsenic  at  I000°C  for  2  days,  720°C  for  14  days  and  quenching  in  water. 
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[Ref.  217S7] 
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NIOBIUM-TELLURIUM 
MAGNETIC  SUSCEPTIBILITY 


»H 

•rl  ^ 

JO  oo 


Magnetic  susceptibility  for 
various  niobirM  selenides  and 
tellurides.  These  values  have 
net  lean  coirectec  for  induced 
diamagnetism. 
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NIOBIUM-TELLURIUM 
ELECTRICAL  RESISTIVITY 


[Ref.  21738] 
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Thermoelectric  properties  of  EbTe2  as  a  function  of  temperature  single  crystals  were  pre 
pared  by  vapor  transport  from  polycrystalline  niobium  telluiide. 


[Ref.  21796] 
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NIOBIUM  ALLOYS  AND  COMPOUNDS 

NIOBIUM-HAFNIUM 3  NIOBIUM-TANTALUM  AND  NIOBIUM-TUNGSTEN  SYSTEMS 
GENERAL 

Nb-Hf  Niobium-hafnium  alloys  show  a  transition  temperature  near  that  of  pure 
niobium  until  the  hafnium  content  approaches  70  at.%.  In  region>70  at.%  hafnium,  Hf 
is  found  with  the  bcc  Nb-Hf  solid  solution  and  Tc  data  are  not  available. 


Nb-Ta  The  niobium- tantalum  system  comprises  a  series  of  solid  solutions  with 
the  lattice  constant  nearly  the  same  throughout.  The  transition  temperature  for  this 
System  decreases  from  about  9°K  for  niobium  to  about  4.5°K  for  tantalum. 


Nb-W  Niobium  and  tungsten  form  a  series  of  solid  solutions  throughout  the 
system.  The  lattice  parameters  are  given  to  ebout  25%  tungsten  content  and  transition 
temperatures  are  given  tc  about  40%  tungsten  content. 


NIOBIUM-HAFNIUM 


GENERAL 


o 

o 


3 

2 

V 

CL 

E 

£ 


Weight  percent  hafnium 
10  30  4  0  50  60  70  80  90  100 

2600 
2400 
2200 
2000 
1800 
1600 
1400 
1200 
1000 

0  10  20  30  4  0  50  60  70  8  0  90  100 
Atomic  percent  hafnium 


H  4500 
4000 
3500 
3000 
2500 
2000 


Tentative  phase  diagram  for  the  niobium-hafnium  system. 
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[Ref.  21732] 
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NIOBI'JM-TANTALUM 


GENERAL 


Atomic  percent  tantalum 
•0  20  30  40  60  6070  90 


0  10  20  40  60  80  100 

Weight  percent  tantalum 


Phase  diagram  for  the  niobium-tantalum 
system. 


[Ref.  21262] 


NIOBIUM-HAFNIUM 

GENERAL 


Lattice  parameter  for  niobium-hafnium 
system  ac  a  function  of  hafnium  content 
Samples  melted  in  a  helium  arc  furnace 
and  homogenized  for  48  hours  at  1000°C. 


0  bcc 

•  bcc  Nb-Hf  +  hep  Hf 

[Ref.  20160] 
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NIOBIUM-TANTALUM 

GENERAL 


<x 

3.40 

O  0 
V 
•H 

*-*  • 
+-*  u 

3.30 

.TJ  Q) 

1 V 

e 

m 

3.20 

Atomic  percent  tantalum 

17.6  44.4  81.8 


0  10  20  40  60  80  100 

Weight  percent  tantalum 


*Donnay ,  J.,  ed.  CRYSTAL  DATA: 
DETERMINATIVE  TABLES.  2d.  ed. 

New  York,  American  Crystallographic 
Assoc.,  1963.  p.  829. 


Lattice  parameter  for  niobium-tantalum  system. 
Lattice  Constants 
Nb,  3q  =  3.302  * 


Ta,  ao  =  3.3026  A 


NIOBIUM-TUNGSTEN 

GENERAL 


Lattice  parameter  for  niobium-tungsten 
system  as  a  function  of  tungsten  content. 
Standard  sample  preparation. 


3.3700 


3.3300 


m  3.3300 
u 
0) 

v  3.3100 

I 

to  3.2900 
a 

8  3.2700 


JS  3.2300 
3.2300 


[Ref.  21262] 


10  20  30  40  50 

Atomic  percent  tungsten 


[Ref.  10778] 
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NIOBIUM-HArNIUH 
TRANSITION  TLMl’LKATUKL 

Transition  temjxirature  of  niobium-hafnium 
system  as  a  function  of  hafnium  content. 


*r  o  0.1  o*  0  5  04  05  or  oa 

Mole  ratio  Hafnium 


K 

o 


H  Nb  Hf 


Axiom  percent  Hafnium 


Transition  temperature  of  niobium- 
hafnium  system  as  a  function  of 
hafniuu  content.  Standard  methods 
of  sample  preparation, 

[Ref.  10778] 


N  IOBIUH-TANTAL.UM 
TRANSITION  TLHPLRATURE 


Transition  tempo  rat  ui^ss  for  niobium- 
tantalum  system.  The  sample  preparations 
were  standard. 

[Ref.  12583] 


Nb  Ta 

Atomic  ratio  Ta/Nb 


80 


NIOBIUM-TANTALUM 


TRANSITION  TEMPERATURE 


Transition  temperatures  for  the  niobium- 
tantalum  system.  Powders  were  pressed 
into  a  rod  and  melted  by  the  floating  zone 
process,  after  swaging,  further  zone¬ 
melting  produced  a  single  crystal. 


[Ref.  12452] 
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Reduced  transition  temperatures  for 
niobium-tantalum  system. 


[Ref.  10778] 
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NIOBIUM-TANTALUM 
TRANSITION  TEMPERATURE 


Li 


!  ' 

L 

( ■ 
L. 


i 


Transition  curve  for  two  Nb  samples.  The  data  were  taken  in  a  small 

alternating  field  of  about  IS  kc,  on  thin  rods  with  a  length  to  diameter  ratio 

.r  i  c 


Traaped  flux  10%  0% 

hardness  (dhp)  122  76 


u '  =  Yn~_ys ,  Where  V  is  measured  voltage  and  Vn  £  Vg  are  the  secondary  coil  voltages 
in  the  normal  and  superconducting  states  respectively. 

CRef.  12452] 
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NIOBIUM-TUNGSTEN 
TRANSITION  TEMPERATURE 


Transition  temperature  as  a  function  of 
tungsten  content  for  a  niobium-tungsten 
system. 


Initial  Material 

o  Zone  refined  Nb 
•  Powdered  Nb 


[Ref.  12583] 
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Transition  temperature  for  niobium- tungsten 
system. 


[Ref.  12583] 
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NIOBIUM-TUNGSTEN 


TRANSITION  TEMPERATURE 


Reduced  transition  temperature  for  the 
niobium-tungsten  system. 


[Ref.  10778] 


NIOBIUM-TANTALUM 

PENETRATION  DEPTH  AND  COHERENCE  LENGTH 
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NIOBIUM-HAFNIUM 
CRITICAL  FIELD 


Electrons/atoms 


in 


Atomic  percent  Hafnium 


Critical  fields  for  niobium-hafnium  alloys  as  a  function  of  hafnium  content,  J  =  10 
(Amp/cm^)  T  =  0,2°K.  Standard  sample  preparation.  Hp  is  the  upper  limit  of  the 
critical  field  transition  range  and  is  defined: 


HP  =  <eoAf?uB)  [1-(T/Tc)2] 

The  Hr  value  is  used  to  denote  (1)  the  field  at  which  resistance  is  first  measured, 
and  (2)  the  field  at  which  full  resistance  is  restored.  The  rectangles  in  the  above 
figure  and  the  two  values  in  the  following  tables  show  these  Hr  values. 


Critical  Field  Strength 


[Ref.  11924] 


Symbol 

Values 

(kGauss)' 

at.%  Hf 

Symmetry  Notes  Ref. 

Cl) 

(2) 

Hr 

62.1 

69.6 

12.5 

bcc  arc-melted  11924 

78.9 

89.6 

25.0 

J  =  10  amp/cm2 

91.0 

101.6 

37.5 

T-  =  1.2°K 

102.4 

109.4 

50.0 

99.5 

103,5 

62.5 

95,1 

98.8 

70.0 

83.1 

89.7 

75.0 

83.0 

96.0 

87.5 

hep  i 

■  bcc 

185 


NIOBIUM-HAFNIUM 

TRANSITION  TEMPERATURE  AND  CRITICAL  FIELD 


Compound 

Trsntristion 

temperature 

T^K) 

Electrical  resistivity 
Pn(4,26K)  (pfl-cm) 

Hp  *  (4.29K) 
*lkGausp) 

R  +  (4.2°K)  Semple 

fkGauss ) 

Nb. 25^.75 

>4.2 

124 

15 

>26 

arc-cast 

Nb.2SKf.76 

>4.2 

124 

17 

>28 

cold  rolled^ 
2:1 

[Ref.  21845] 

*HpS  Paramagnetic  superconductivity  onset  field 
f  ^  Upper  dritical  field 


NIOBIUM-TANTALUM 
CRITICAL  FIELD 

Upper  critical  field  for  Nb^jTa.5  as  a 
function  of  temperature.  Tc  »  6.iS9K, 

9  from  graph,  S.6(kGaua<«) 

-  theory 

•  oeasured  by  resistivity  method 

[Ref.  218«l3 
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Transition  Tamparature  and  Critical  Field 
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HoriBAlitfed  temperature,  t  *  T/'-j 


Ref. 

23,261 

19477 

13481 

14582 


Upper  critical  field  as  a  function  of  temperature  for  the  following  samples,  as  rolled. 


K©  *  xeg  ♦  x'.q  where  X..  is  th^  intrinsic  contribution  to  the  order  parameter  end  X£ 
Is  the  Impurity  scattering  contribution.  Tne  values  are  given  for  t  *  0, 


[Ref.  21259] 


187 


AIR  FfSCE  MATERIALS  LABORATORY 

REMEAHCH  AND  TECHNOLOOY  DIVISION 
AIR  rORCI  SYSTEMS  COMMAND 


E  (Ld®Y[F3®[ftflO© 
P  p}@P(IpnrOdiB 

C  mMmmm 


PREPARED  SY  ELECTRONIC  PROPERTIES  INFORMATION  CENTER  •  HUSHES  AIRCRAFT  COMPANY,  CULVER  CITY,  CALIFORNIA 


NIOBIUM-TANTALUM 
CRITICAL  FIELD 


Ratio  of  flow  resistivity  to  nonnal 
resistivity  as  a  function  of  field 
strength  H,  for  Nb_  5Ta  The  t  values 

are  the  ratio  T/T  for  T*®*  6.15°K. 
values  are  shown  for  each  t  and  the  dashed 
line  indicates  expected  behavior  at  t  =  Q. 
Hc2(0)  s  8.6  (kGauss). 


Field  strength,  H  (kGauss) 


[Ref.  21841] 


Applied  field  strength,  H  (kGauss) 


Resistive  transitions  in  a  Nb>5Ta  5  sheet  1.5  can  x  0.25  ctn  x  716  (l0"3)cm.  The  data 
are  take  at  T=  4.2°K,  I  =  500  nA  and  J  c  260  amp/ cn^  and  at  different  H  to  J 
orientations.  HC2  =  3.55  kGauss  and  Hc3  =  1.7  theoretical.  The  sample  was 
annealed.  * 


[Ref.  13481] 
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NIOBIUM-TANTALUM 
CRITICAL  FIELD 


Resistive  transitions  reduced  from  voltage 
measurements,  on  a  Nb  5Ta  5  sheet.  Data 
taken  at  T  =  4.2°K  anA  J  =  200  Amp/cm2. 

The  samples  are  identical  except  that 
(b)  has  been  annealed. 
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[Ref.  13481]  « 


Applied  field  strength,  H  (kGauss) 


Resistive  transistions  in  a 
Nb>jTa  c  sheet  1.5  x  0.25  x 
7.6  x  io~3  can.  The  data  are 
taken  at  T  =  4.2°K,  H  ||  J  and 
different  current  strengths. 
The  R/Rn  values  are  obtained 
from  reduction  of  the 
previous  voltage  data  HC2  = 
3.55  kGauss  and  =  1.7 
Hc2„  The  sample  was  annealed. 


[Ref.  13481] 
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Applied  field  strength,  H  (kGauss) 
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NIOBIUM-TANTALUM 


CRITICAL  FIELD 


~  10 
W 


Flux  penetration  curves  for  N*>,64Ta.3o 
alloy.  Cylindrical  rods,  zone-refined. 

n  T  »  4.2°K 
°  T  *  6.0°K 
X  T  =  8.2°K 


[Ref.  12452] 


200  400  600  800 

Field  Strength,  H  (Oe) 

Transverse  and  longitudinal 
voltages  as  a  function  of 
magnetic  field  strength  for  Nb  5 
T*.5  sample.  The  Hall  voltage* 
may  be  derived  by  substracting 
two  corresponding  curves.  The 
polarity  of  the  recorder  was 
reversed  in  (2)  and  (3). 

U)  H.i. 

(2)  M-  I  . 

(3)  H.i.  f  vj_ 

(4)  H+i+  ’ 


(5)  V 


12,000 


Applied  field,  H  (Oe) 


T  =  1.3  °K 
J  =  3  x  103  aao/cm2 
Ji||  R.D. 
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NIOBIUM-HAFNIUM 
CURRENT  DENSITY 


Critical  current  for  two  niobium- 
hafnium  wire  (  0.030  in.  diam.).  The 

values  were  taken  in  a  transverse 
magnetic  field  on  arc-melted  samples. 


[Ref.  10776] 


Critical  Current  Density 


Values  (103  Amp/cm2} 

Symbol  Rolling  plane  Unrolled  Samples 


H  II 

«1 

J 

c 

2.6 

0.08 

0.08 

25  at.%  Hf  alloy 

arc-melted  and 

inverted  6  times, 

Temperature- 


4.2°K 


[Ref.  10713] 
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CURRENT  DENSITY 
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Field  strength  H  (Gauss) 


Square  root  of  critical  current  as  a  function  of  field  for  Nb55Ta45. 

[Ref.  21843] 
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NIOEIUM-TANTALUM 
CURRENT  DENSITY 


Critical  current  density  for  Nb^ggTa  ^5  wire 
swaged,  drawn  and  annealed.  The  effect  of 
annealing  time  is  shown. 

a)  annealed  30  min,  1473°Kr,  lO-1*  -  10~5mm  Hg 

b)  annealed  24  hours,  M.8OO0”,  ''•5xl0"2mm  Hg 

c)  annealed  48  hours,  M.80Q°K,  ’vSxlO-^mm  Hg 


[Ref.  21848] 
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Applied  transverse  field,  H  (Oe) 


Critical  cuirent  density  ~5or«-Hb  ^Ta 

alloy  cold  drawn  wire:  (a)  before  an¬ 
nealing  (£>)  after  annealing  for  25  hrs 
—8 

hours  at  5  x  10  Torr  at  about 
1500°C.  Data  taken  at  4.2°K. 

[Ref.  21261] 
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NIOBIUM-TANTALUM 
CURRENT  DENSITY 


Critical  current  density  for  a  Nb  55Ta  1>5 
wire,  annealed  24  hours.  The  data  are* 
shown  for  longitudinal  and  transverse  fields 


.[Ref.  21848] 
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SO  200  400  «00 

Tj  Longitudinal  field,  H  (Gauss) 


Critical  current  for  Nb  cqT«  wire, 
0.125  cm  diameter,  annealed  for  1  hour 
at  1100°C  and  10  Torr,  resistivity 
ratio  %  30.  Data  taken  at  4,2°K  with 
l||  H. 

[Ref.  20904] 
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CURRENT  DENSITY 


Critical  current  as  a  function  of 
transverse  field  strength  for  a  1% 
tungsten,  niobium- tungsten  alloy. 


[Ref.  10773] 


N IOB IUH-TANTA LUM 
MAGNETIC  UYSTERE3IS 


Applied  field,  H  (kOe) 


Magnetization  for  Nb<g5Ta  wires  In 
a  longitudinal  field I  Data  taken  at 


*  cooled  in  a  fixed  field 


[Ref.  218C3] 
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NIOBIUM-TANTALUM 
MAGNETIC  HYSTERESIS 
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200  400  600 


Magnetization  of  Nl»  5QTa  wire  0.125  an 
diameter,  annealed  tor  1  hour  at  1100cC  and 
10-8  Torr,  resistivity  ratio  %30,  Data  at 
4.2°K. 


•  Magnetisation  (1*0)  H+ 

0  Flux  expulsion  (Meissner  effect) 
upon  cooling  in  longitudinal  field 
x  Magnetization  after  cooling  at  0.32 
kGauss  H*- 

*  Paramagnetic  magnetisation  at  Ic.  The 
sample  is  cooled  through  Te  in  constant 
field. 


[Ref.  20904] 


Longitudinal  field,  H  (Gauss) 


Magnetization  of  Nb.gjTe^  wire,  swaged, 
drawn  and  an neaxea.  dete  Taken  it  4$2WK. 

a)  one-stage  annealed,  33  min.  at 
1473°K,  10"**  -  10“Tnm  Hg  vacuum, 

b)  annealed  48  hours  at  M.CQ0°K  in 
'vjxIO-8^  Hg  vacuum. 

[Ref.  21848] 
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Longitudinal  field,  H  (Oe) 
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NIOBIUM-TUNGSTEN 
MAGNETIC  HYSTERESIS 


£ 


Magnetization  as  a  function  of  field  strength  for  a  niobium-tungsten  alloy  (9.2  at  .%  W) 


(a)  heavily  cold  worked 

(b)  bulk  rods  (1.2  cm  a  0.6  cm  diam.) 

(c)  powders  45-60  y-size  particles 

[Ref.  10778]! 


NIOBIUM-HAFNIUM 
ELECTRICAL  RESISTIVITY 

I 

Electrical  resistivity  f  jr  niobiusi- 
hafnium  system  as  a  function  of  the 
hafnium  content,  data  taken  at  1.2CK, 


[Ref.  11924] 


^  Electrons /atoms 

E  5-C  4.8  4.6  44  4.2  4.0 


Atoms  percent  Hafnium 
°  bcc 


•  hep  +  bcc 
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NIOBIUM-HAFNIUM 
ELECTRICAL  RESISTIVITY 


Symbol 


Values  (wfl-cm) 


at.  %  Hf 


19.1 

12.5 

36.3 

25.0 

57. 2 

37.5 

68.0 

50.0 

100.3 

62.5 

114.4 

70.0 

124.4 

75.0 

53.2 

67,5 

Symmetry 

bcc 


Method 


arc-melted 


hep  t  bcc 


[Ref.  11924] 


NIOBIUM-TANTALUM 
ELECTRICAL  RESISTIVITY 


Resistance  for  NbgQTa^gand 


Temperature ,  T  (°C) 

Nb^QTa^Q  alloys  from  Q-2QQ0°C 

[Ref.  21252] 
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NIOBIUM-TANTALUM 


HALL  ANGLE 


The  Hall  angle  for  Nb  cgTa  ,  as  a 
function  of  magnetic  field  strength. 
Data  taken  at  1.3°K. 

1 )  annealed 

2)  etched 

3)  cold-rolled 


4  S  12 
Field  H  (kGauss) 


[Ref.  20825] 
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Applied  field,  H  (kOe} 


Hall  angle  as  a  function  of  field  for 
Nb.5Ta.5  alloy,  cold  rolled  sheets  22 
V  thick. 


[Ref,  21260] 
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NIOBIUM  ALLOYS  AND  COMPOUNDS 
NIOBIUM-RHENIUM  AND  NIQBIUH-OSKIUM  SYSTEMS 


GENERAL 


Nb-Re  The  niobium  rhenium  system  forms  two  distinct  ccMpounda,  6  in  the 

niobium-rich  region  and  \  in  the  rhenium-rich  region.  Except  fop  a  few  values  given 

/ 

in  the  mixed  B+x  region  most  of  the  transition  temperature*  are  jr* ported  in  the  x 
rhenium-rich  region  of  the  system.  1 

i 

Nb-Oa  The  niobium-osmium  system  forms  throe  primary  crystallographic 

I 

structures,  a-Mn,  o,  and  B-tungsten  [Ref.  17299],  This  latter  structure  gives  the 
lowest  Tc  of  the  three  crystalline  forms,  1,0S°K  [Ref.  20332]  ^hile  the  o-Hn  gives 

I 

the  highest  Tc  2.52°K  [Ref.  17299].  ’ 


NIOBIUM-RHENIUM 


GENERAL 


O  IO  TO  SO  40 


•o  to  au 


Proposed  phase  diagram  for  niobium- 


rhenium  system. 


[Ref.  21231] 


•  ■KLTINS  OiSINVIO 
O  OHt  ruAtC 

O  TWO  PMAW 

STHSft  FriAM  tWUN-tWU*-'9ftlU»V 


10  20  SO  «0  #0  <0  ^  10  W  W 


Atomic  %  Rhenium 
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NIOBIUM-OSMIUM 

GENERAL 


Appearance  of  different  phases  in  the 
niobium-osmium  system.  Sigma  phast  exicta 
from  30-54%,  Os  and  chi  phase  from  55-65%Off 


[Ref.  207183 
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NIOBIUM-RHENIUM 

GENERAL 


Lattice  parameter  for  Lee  niobium-rhenium  system. 


I 

[Ref.  21231.1 
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NIOBIUM-RHENIUM 

GENERAL 


6  ».r 

*-• 


£  B6 


60  TO  60  *0 

Atomic  l  rhenium 

Lattice  parameter  for  a-Mn,  niobium-rhenium  eye tea. 


[Ref.  21231] 


NIOBIUM-OSMIUM 

GENERAL 

Lattice  conotant  for  a-Kn  Nb-Os  system. 

[Ref,  218SI] 


o  t 

•  »r 


Atomic  percent  osmium 
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NIOBIUM-RHENIUM 
TRANSITON  TEMPERATURE 

Lattice  Constant  and  Transition  Temperature 


At. 

%  Re 

Lattice 

a 

o 

constant  8 
co 

Transition  Temperature 
TC(°K)  AT+ 

Symmetry 

Notes 

Ref. 

a,20 

- 

- 

4.8 

- 

Nb,  bcc 

Composition  given 
as  Nbj^Re 

10784 

25* 

3.228 

— 

— 

• 

tt 

As  melted, 
annealed  1000°C, 

7  days. 

20625 

SO 

3.194 

- 

- 

- 

•i 

As  melted. 

20625 

II 

9.783 

5.115 

- 

* 

a -tetr 

11 

2C625 

II 

9.79 

5.10 

3. 8-2.0 

- 

ii 

Cooled  from  1250°C 

.  9686 

6 

0 

9.781 

- 

2.36 

0.2 

a-Mn 

Cooled  from  1250°C 

.  9686 

- 

- 

2.0 

- 

ii 

- 

7648 

9.773 

— 

- 

it 

Cooled  from 
melting  point,  6.2 
electrons /atom . 

9686 

9.77 

5.14 

2.5 

0.2 

a-tetr 

II 

9686 

62 

- 

- 

2.45 

- 

a-Mn 

6.24  electrons/ 
atom. 

15323 

82 

8.89 

ti 

7648 

+AT  is  the  width  of  the  transition  region 

*  Nb-jRe,  CujAu  type,  ao  =  4.207  8,  sample  preparation  HC1  transport  method  [Ref.  21843] 
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TRANSITION  TEMPERATURE 


lattice  Constant  and  Transition  Temperature 


|  J  At.%  Os 

Symmetry 

Lattice 
Constant (X) 

ao  co 

Transition 
temperature 
Tc  (°K) 

Electrons/ 

atom 

Notes 

Ref. 

-  ■  i 

i  25* 

8-tungsten 

- 

1.05 

S.8 

9620 

n 

r 

ii 

5.1359 

- 

<  1.7 

ii 

Standard  sample 

18750  I 

1 

| 

preparation. 

■1 

i 

|  ,  40 

a  tetragonal 

9.C53 

5.066 

- 

6.2 

Arc-melted  in  a 

20625 

!  ( 

gettered  argon 

1 

| 

atmosphere . 

1 

t 

i 

tetragonal 

9.844 

5.056 

1.78 

it 

- 

17299  j 

f  !  50 

a  manganese 

9.778 

,  - 

- 

6.5 

Arc-melted  in  a 

( 

1  - 

gettered  argon 

\ 

atmosphere. 

l 

j 

t! 

«• 

- 

2.j2 

7.0 

17299 

'  *  Nb,0s 

f  d 

,  Cu3Au  type. 

-  4 

.207  X, 

sample  prepared  by  HC1  transport  method  [Ref.  21843] 

i 

Atomic 

percent  osmium 

i 

o 

H  8.0 


§ 

•rl 

*•  5.0 

n 
C 
<0 
u 

*-  4.0 


Transition  temperature  for  niobium- 
osmium  system. 


[Ref.  14468] 


5.0  51  52  53  54  55  56  57  58  59  60 
Valence  electron  concentration 
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NIOBIUM-RKENIIJM 


DEBYE  TEMPERATURE 


*  a 

O  m-mZ. 

^  330 


280  “  A  NbffR«T|  ta 

270  -  °  Nb*oR#»e 

260  1  ■ — I — l  i  I,  i  I  i l  ■  l  ■  i  ■  7s 

0  2  4  6  8  10  12  14  !« 

Temperature,  T  (°K) 


Debye  temperature  for  three  niobium- 
rhenium  alloys  with  A  12-type  crystal 
structure . 


[Ref.  14464] 


NI0B1UM-RHEN IUH 


SPECIFIC  HEAT 


Temperature,  T  (“K) 


Atomic  specific  heat  for  these  niobium- 
rhenium  alloys  with  A  12-type  crystal 
structure . 


[Ref.  14464] 


A 

•  NbnR«rr 
°  RticR*»o" 


30  100  130  200  230 

Temperature,  T^  (°K2) 
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NIOBIUM-RHENIUM 
SPECIFIC  HEAT 


Formula 

Nb.38Re 


62 


Thermal  Properties 

Coefficient  of  Electronic 

Specific  Heat.  Debye  Temperature 


(10~4  cal/°K^  mole) 


0 

(°K) 


6.4 


300  *  10 


N(0)V 

Y 

(cal/°K^  mole)~* 
340 


Ref. 

15323 


NIOBIUM  -RHENIUM 
MAGNETIC  SUSCEPTIBILITY 


Atomic  percent  Rhenium 
0  100.0 


Electrons/atcro 


Susceptibility  of  niobium-rhenium  system.  Data  are  given  for  Nb-Te  and  Nb-Ho  for 
comparison. 

•  Nb-Re 
x  Nb-Tc 
°  Nb-Mo 

jRef .  19617] 
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NIOBIUM-RHENIUM  AND  NIOBIUM-OSMIUM 
MAGNETIC  SUSCEPTIBILITY 


Fo.-mula 

x  do-6 

cm3/g) 

X  at  (10-6 
cm3/g 

x  do-6)* 

Synnetrv 

Notes 

Nb.50R*.50 

61 

8500 

880 

a~Hn 

Cooled  from 

1250°C. 

Nb.40Re.60 

66 

9800 

1000 

0 

Cooled  from 

<l24Q0°C. 

*^.60®*. 40 

74 

it 

990 

»t 

n 

Nb.50Os.50 

60 

8500 

890  - 

- o-Mn 

»r 

*  Volume  susceptibility,  300°K. 


Kef.  968b] 
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NIOBIUM  ALLOYS  AND  CONFOUNDS 
NIOBIUM-IRIDIUM  AND  NIOBIUM-PLATINUM  SYSTEMS 
LATTICE  CONSTANT  AND  TRANSITION  TEMPERATURE 


Nb-Ir 


At. A  Ir 

Formula 

Symmetry 

Lattice  Constant 
Value  (R) 

*c  ec 

Transition 

temperature 

CK 

Notes 

Ref. 

15 

Nb  ♦  Ir 

bcc 

3.262 

•m 

as  Belted  2062 

25 

Nb3Ir 

6- tungsten 

- 

- 

1.7 

• 

962 

ii 

it 

n 

5.139  . 

- 

as  Belted  2062 

37 

- 

o  tetr. 

\  ~ 

7.S 

- 

764 

« 

- 

•i 

9.86 

'^.06 

2.4  midpoint 

- 

968 

- 

"\ 

0.1  width 

• 

40 

Nb3Ir2 

9.834 

5.052 

9.8 

- 

1729 

50 

- 

fee 

3.895 

-  \ 

»*• 

annealed 

2062 

75 

Nblr3 

*1 

3.893 

3  days 

2033 

\ 

1200°C 

At. 4  Ft 

Symmetry 

Lattice  constan 

a,  b 

_ 12 _ Q_ 

25* 

8-tungsten 

5. 153*. 003 

_ 

37.5 

c-tetr 

9.91 

- 

n 

•I 

- 

m 

38.0 

II 

9.91 

- 

52.0 

orthorhombic 

2.780 

4.9S3 

75,0 

•i 

5.534 

4.873 

•t 

monoclinic 

5.537 

4.870 

*  NbgPt, 

CUgAu  type,  @o 

=  4.207 

sampl* 

Transition 


Tc  (°K) 


Notes 


annealed  £ 
quenched 


2033? 

17299 

15323 

9686 

20357 

ti 
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KIOBIUM-PIATINUH 


THERMAL  PROPERTIES 


Formula 


Coofficiant  of  Electronic 

Specific  Heat  Dabye  Temperature 

Y  x  ltT1*  8 

(lQ-^cal/mole  °K2)  _ (°K ) _ 


W(C)V 

y" 

(cal/ipolc  °K2)-*  Ref. 


wb.62»Pt.375 


9.1  *  0.2 


335  *  10 


Y,  0,  and  Tc  from  preceding  table  were  all  taken  on  one  sample. 


15323 


NIOBIUM-PLATINUM 


MAGNETIC.  SUSCEPTIBILITY 


System 


<)0'6 
emu/g.  at) 


*.dd  <u‘‘  *  ll0’‘ 

emu/R.  at)  curVg 


x_+.  do-6 


X'10'6’*4  Crystal- 
_  lography 


*tot  *  *lon  +  *Pauli  +  XL.P.  +  **<id  [Ref.  14464] 

X,  r,  (Landau-Feieris)  electro  ...c  specific  heat  contribution. 

t  38  coo-i'8^  from  1300°K.  [Ref.  9606] 

**  Volume  susceptibility,  300°K. 
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NIOBIUM  ALLOYS  AND  COMPOUNDS 
NIOBIUM-GOLD  SYS1LM 
GENERAL 

Nb-Au  Of  the  four  niobium-gold  compounds  only  the  Nb  Au  show*  a  transition 
temperature.  This  compound  takes  on  the  p-tungaten  structure  primarily;  however,  by 
quonching  carefully  an  A  2  structure  is  foitaed  which  show*  a  much  lower  Tc. 


1 1 
\JJ 

VI*iC 

K  ILHWP301MQ® 

P  E3@P«mrOIS® 

I  Ck£] .^(q) o[Mj 

c  mmT mm 


Niobium-Gold  Crystsllin^  Phssss 


Compound 

Stru  ture 

Crystal 

Nb3Au 

Cubic 

A  15  (P-W) 

Nb3Au 

Cubic 

A  2 

HbjAuj 

Ye*vagonal 

D17  14/nom 
•♦h 

\ 

\ 

NL11Au9 

Cubic 

P-Mn 

\ 

NbAu2 

Hex. gonal 

A132 
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(7 — 

J 

|  mmo 

Si  0JB(L'V(^©!&1IKS 

i^opaii^TflS© 

C  BWIHlIsi 
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NI03IUM  -COLD 
GENERAL 


8  ** 
l_-  4.9 


0  0.9  I 

Nb|Au  VaAu 

VANADIUM  COMPONENT,  X 


Lattice  constant  of  (Nbi_xVx>3  Au  as  a  function  of  composition. 


•  A  15  crystal  structure,  annealed 
A  A  2  crystal  structure,  quench&d 


\ 

tRef.  151653^ 


Both  binary  compounds  Nb^Au  and  V^Au ,  as  well  as  the  t  tuary  fbgV.t-V^Au ,  for* 
into  the  /•  15  structure  when  prepared  and  left  "as  cast",  Bucher  et  al  £Ref,  15I99J 
were  able  \o  convert  this  A  15  sample  to  an  A  2  type  structure  .with  a  qn«aching  method 
of  Mowing  cold  argon  onto  t>e  malt  immediately  after  interrupting  'the  pr-ima.'y  current. 
The  return  o;  these  A  2  samples  to  A  15  structure  was  scccwpliehad  by  annealing i 


HbjAu 

ti 

Nb^Au-V^Au 

v3L  3 


20  hi  s  at  105  'C 
1/2  hr  «t  a?00°C 
2?  hrs  *t  650°C 
8  hrs  at  760°C 
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HIOBIUH-CjOLJ) 
TRAHSIT10N  TtMFLRATURL 


At.%Au  J'onnula 


Lattice  Contents  and  Transition  Temperature 

o  Transition 

Lattice  constants  (A)  Temperature 
o  co 


Tc  (°K) 


25* 


NfcjAu 


5.21*  .001 


Symmetry 

6-umgsten(A  15) 


40 

*♦5 

6? 


Kb^Au2 


3.29 

3.36 


10.6 

11.5 

11.0 

1.2 


M*11Au9  7.05 


NbAc, 


4.61 


b  x  3.04 


2.72 


A  2 

^4  /cBim 

B-t *nganes3 
A1B2 


Ref. 

20025 

15608 

9620 

15189 

n 

20226 

ii 


hb3Au%Cu3Au  type,  ac  *  4.207  X,  sample  prepared  by  HC1  transport  method  [Ref.  21843] 


Transition  temperature  of  niobium-gold  sybtem  as 
a  function  of  atomic  percent  gold.  Below  25  at.* 
gold  there  are  traces  of  A  2  structure  present  in 
tha  A  15  structure. 

o  A  15  crystal  structure, 
annealed 

A  A  2  crystal  structure, 
quenched 


iRef.  151B9J 

0  10  20  30 

ATOMIC  Pth  CENT  CJCD 
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NIOBIUM-BISMUTH 

GENERAL 

Pressure-temperature  phase  diagram  for  Nb^Bj., 
□  6-tungsten 
°  bcc 


[Ref.  17303] 


NIOBIUM-BISMUTH 


TRANSITION  TEMPERATURE 


Temperature,  T  (°K) 


Tr^jjsition  temperature  for  bcc  Nb,Bi,  j 

measured  by  the  Schawlow  and  Devlin  J 

susceptibility  technique.  The  circuitry  j 

of  this  experiment  is  such  that  the 
transition  curve  iihovs  a  higher  frequency  ' 

at  the  lower  temperatures.* 

*  Private  communication  with  D.H.  Kiilpatric. 
now  with  Douglas  Aircraft  Co.  Santa  Monica 
California. 


£Ref.  17303] 
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